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PREFACE 

When  in  1902  the  Argentine  title  to  Patagonia  was  confirmed 
as  a  result  of  arbitration  with  Chile,  the  coimtry  was  divided 
into  several  Territories,  named  from  north  to  south  Rio  Negro, 
Chubut,  Santa  Cruz,  and  Tierra  del  Fu^o.  Rio  N^o  and  the 
northern  part  of  Chubut,  with  a  portion  of  the  Territory  of  Neu- 
qu£n  adjoining  on  the  northwest,  constitute  the  zone  of  influence 
of  the  railway  from  San  Antonio  on  the  Atlantic  to  Lake  Nahuel 
Hu2^i  in  the  Andes,  and  it  is  to  that  zone  that  the  present  work 
especially  applies.  Definite  observations  of  the  facts  described 
were  restricted  to  the  area  surveyed  by  the  Comisi6n  de  Estudios 
Hidrol6gicos,  which  was  established  in  the  Ministry  of  Public 
Works  of  Argentina  in  191 1  and  carried  on  topographic,  geologic, 
and  economic  surveys  to  the  end  of  1913,  diuing  two  and  one-half 
years  of  almost  continuous  field  work.  As  the  organization  and 
work  were  somewhat  exceptional  in  the  activities  of  the  Argentine 
Government,  it  is  appropriate  to  give  a  brief  statement  of  their 
character.  The  occasion  for  the  surveys  which  were  conducted 
by  the  Comisi6n  arose  as  a  result  of  the  national  policy  of  railroad 
construction  initiated  by  the  Minister  of  Public  Works,  Don 
Ezequiel  Ramos-Mexfa,  about  1906,  and  carried  forward  during 
seven  years  against  great  difficulties  arising  in  part  from  natural 
obstacles  and  in  part  from  lack  of  adequate  information  regarding 
the  coimtries  to  be  traversed  by  the  railroad  lines. 

Argentina  possesses  extensive  imdeveloped  territories  in  the 
semi-tropical  zone  of  the  northern  part  of  the  Republic  and  even 
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geologists  from  the  United  States  for  work  of  the  same  kind  in 
Patagonia,  in  the  hope  that  a  similar  result  might  follow  their 
labors.  With  the  official  approval  of  the  United  States  Govem- 
ment,  the  writer,  a  geologist  of  the  United  States  Geological 
Survey,  was  placed  in  charge  of  the  work,  and  he  organized  the 
Comisi6n  to  include  topographers,  geologists,  and  students  of 
economic  geography.* 

Thus  from  the  beginning  the  scope  of  the  work  was  conceived 
to  be  broader  than  the  immediate  object  of  the  initial  instructions. 
This  conception  was  in  accordance  with  all  indications  of  the 
Minister's  purpose  and  policy  with  reference  to  the  future  of  the 
territories,  and  in  the  course  of  the  life  of  the  Comisi6n  the  Min- 
ister constantly  encouraged  the  extension  of  the  surveys  to  the 
broadest  possible  field  of  usefulness.  He  also  recognized  that 
they  could  be  of  comparatively  little  value  unless  they  were  based 

*  Hie  survey  was  officially  oiganized  as  the  Comisi6n  de  Estudios  ffidrol6gioo8  of  the 
Direcci6n  General  de  Fenocarriles  in  the  Ministerio  de  Obras  Ptiblicas.  The  personnel  at 
first  was:  Bailey  Willis  (geologist,  U.  S.  Geological  Survey),  director;  EniUio  £.  Frey 
(Aigentina),  assistant  director  and  topogn^her;  C.  L.  Nelson  and  W.  B.  Lewis  (U.  S. 
Geological  Survey),  topographers;  J.  R.  Pemberton  (Stanford  University),  geologist; 
C.  W.  Washbume  (U.  S.  Geological  Survey),  geologist;  W.  D.  Jones  (University  of 
Chicago),  economic  geographer;  Otto  Luginbuehl,  Walter  Graenacher,  and  Walter 
Eschmann  (Switzerland) ,  assistant  topographers.  In  the  course  of  the  work  Messrs.  Esch- 
mann  and  Graenacher  resigned.  C.  F.  Eberly  (U.  S.  Geological  Survey)  was  i4>pointed 
topographer  to  replace  Mr.  Graenacher.  J.  S.  Mercer  (Chicago)  and  Otto  Schneider 
(New  Zealand)  were  appointed  assistant  topographers.  D.  L.  Raebum,  dvil  engineer,  and 
J.  G.  Morgan,  assistant  engineer,  were  added  to  the  corps  in  1912-13,  to  survey  a  railway 
location.  Ricardo  Dowdall  (Argentina),  R.  M.  Rodriguez  (Argentina),  and  R.  M. 
Hatch  (University  of  Wisconsin)  served  successively  as  secretaries  in  charge  of  adminis- 
tration and  accoimts. 

The  original  contract  took  effect  January  21, 19x1,  and  was  to  run  for  two  years,  but 
was  extended  by  mutual  agreement  to  December  31,  1913,  with  the  understanding  that 
the  field  work  in  hand  should  be  finished  and  the  manuscript  of  the  reports  completed  by 
that  date.  In  July,  1913,  Minister  Ramos-Mezfa  resigned,  but  the  prorogation  of  the 
contract  to  the  end  of  the  year  was  confirmed  by  his  successor,  Carlos  Meyer-Pellegrini. 

The  field  work  was  prosecuted  continuously  and  vigorously  \mtil  April,  1913,  the 
operations  being  carried  on  in  different  districts  according  to  the  season.  With  the 
beginning  of  the  winter  season  the  force  was  reduced  by  the  expiration  of  the  contracts 
with  the  majority  of  the  American  members,  who  returned  to  the  United  States.  Messrs. 
Eberly,  Luginbuehl,  Mercer,  Schneider,  and  Hatch  remained  in  the  field  under  the  di- 
rection of  Sefior  Frey  to  continue  the  topographic  surveys. 

With  the  begiiming  of  1914  the  scope  of  the  woric  was  somewhat  enlarged  and  the 
contract  was  once  more  extended. 
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on  accurate  data,  and  he  gave  to  the  writer  as  director  of  the  work 
entire  freedom  of  action  in  developing  and  solving  by  scientific 
investigations  the  problems  which  arose  as  the  sxirveys  progressed. 

At  the  time  when  the  Comisi6n  was  organized,  early  in  191 1, 
the  Government  had  been  for  two  years  engaged  in  the  con- 
struction of  a  railroad  line  from  Puerto  San  Antonio,  on  the 
Atlantic,  to  Lago  Nahud  Huapf,  in  the  Andes,  approximately 
along  the  41st  parallel  of  south  latitude.  Starting  from  the 
Atlantic,  the  projected  line  was  to  traverse  the  Pampas  of  north- 
em  Patagonia  and  strike  the  Andean  Cordillera  at  a  principal 
center  of  historic  interest  and  of  future  population,  in  a  zone 
where  climatic  conditions  are  most  favorable.  This  railroad 
line  was  in  operation  for  about  200  kilometers  from  Puerto  San 
Antonio.  Definite  sxirveys  for  the  railroad  route  had  been 
extended  some  280  kilometers  farther,  and  there  remained  a 
stretch  of  150  kilometers  more  across  a  high  plateau  region  in 
which  the  line  had,  up  to  that  time,  not  been  successfully  located. 

In  the  eastem  section,  then  xmder  operation,  the  lack  of  water 
was  serious.  San  Antonio,  the  future  dty  and  the  terminus  of 
the  line  on  the  Atlantic  coast,  was  without  an  adequate  water 
supply  for  more  than  200  or  300  people,  that  which  was  locally 
available  being  restricted  to  rain  water  gathered  from  the  roofs 
of  buildings  and  to  water  obtained  from  shallow  driven  wells  in 
the  sand  dimes  along  the  coast.  With  these  supplies  the  com- 
mimity  had  subsisted  and  railroad  construction  had  been  car- 
ried on  imtil  the  line  reached  the  first  stream  which  it  crossed 
west  of  San  Antonio,  the  Arroyo  Valcheta,  109  kilometers  from 
the  port.  The  difficulties  of  that  first  year,  during  which  the 
road  was  built  across  the  semi-arid  plains  to  Valcheta,  were  very 
great.  They  were  overcome  by  the  courage,  perseverance,  and 
ability  of  the  director  of  construction,  Don  Guido  Jacobacd,  an 
Italian  engineer  in  the  service  of  the  Argentine  Government. 
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After  the  railroad  reached  the  Arroyo  Valcheta,  water  was  car- 
ried in  tank  cars  from  that  stream  to  the  dty,  and  this  still  con- 
tinues to  be  the  mode  of  supply,  pending  the  construction  of  a 
reservoir  to  store  the  waters  of  the  arroyo  and  a  canal  to  con- 
duct them  along  the  railroad  line  to  the  port. 

In  1911  wells  had  been  bored  at  San  Antonio  and  one  was  in 
progress  at  La  Travesfa,  62  kilometers  west  of  San  Antonio, 
in  the  hope  of  developing  imderground  supplies.  The  first  task 
assigned  to  the  Comisi6n  was  the  study  of  the  geologic  structure 
of  that  section,  with  a  view  to  the  selection  of  favorable  points 
for  additional  drilling.  As  the  geologic  investigations  soon 
demonstrated  that  undergroimd  waters  were  not  available  in 
sufficient  quantity,  the  character  of  the  investigations  was  mod- 
ified, and  topographic  and  hydrographic  sxurveys  were  success- 
fully undertaken  to  ascertain  and  demonstrate  the  feasibility 
of  conducting  the  waters  of  the  Arroyo  Valcheta  to  San  Antonio. 
This  work  went  on  dming  the  winter  months  of  1911,  from  May 
to  September,  and  its  successful  issue,  which  placed  the  future 
of  the  dty  and  the  railroad  beyond  question,  confirmed  the 
Minister  in  his  purpose  of  extending  the  railroad  if  possible 
through  the  Andes  to  the  boimdary  of  Chile,  with  a  view  to 
making  it,  through  the  co-operation  of  the  neighboring  nation, 
an  international  and  transcontinental  line.  The  objective  point 
of  the  railroad  in  approaching  the  Andes  was  the  east  end  of 
Lago  Nahuel  Huapf.  The  region  beyond,  extending  across  the 
Cordillera,  had  been  surveyed  by  the  Comisi6n  de  Lfmites, 
under  Dr.  Francisco  Moreno,  the  Argentine  expert,  in  the  bound- 
ary dispute  with  Chile,  which  was  settled  by  arbitration  in 
1902.  But  it  had  not  been  studied  from  the  point  of  view  of 
the  railroad-builder,  and  it  was  a  mooted  question  whether  a 
practicable  route  for  the  transcontinental  line  coidd  be  found  in 
this  latitude.    The  staff  of  the  Comisi6n  was  therefore  moved 
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to  the  west  in  October,  191 1,  and  was  engaged  in  explorations 
and  surveys  connected  with  the  location  of  the  railroad  line 
across  the  high  plateaus  in  the  western  Pampas  and  across  the 
Andes  until,  in  April,  the  approach  of  winter  made  it  necessary 
to  retiun  to  the  eastern  Pampas.  The  summer's  work  had 
demonstrated  the  feasibility  of  the  proposed  transcontinental 
line  and  had  drawn  attention  to  the  resources  of  the  Pampas 
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-were  available.  To  all  such  he  wishes  to  express  his  apprecia- 
tion. Wherever  possible  acknowledgments  have  been  made 
throughout  the  book.  In  addition  to  these,  however,  gratitude 
is  due  to  Dr.  Albert  Hale,  of  the  Pan-American  Union,  whose 
deep  interest  has  led  him  to  give  his  assistance  in  every  possible 
way  and  whose  time  has  been  freely  placed  at  the  disposal  of 
the  translator  and  of  the  writer. 
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INTRODUCTION 

The  territories  and  provinces  of  Argentina  stretch  from  lati- 
tude 22®,  within  the  tropics,  to  latitude  53*^  30'.  The  equivalent 
distance  in  latitude  in  North  America  is  from  Cuba  to  Hudson 
Bay.  This  suggests  that  there  is  an  extreme  range  of  tempera- 
tures comparable  with  that  between  the  tropics  and  southern 
Mexico  and  the  arid  r^ons  of  northern  Canada;  but  this  is 
not  wholly  true,  because  the  oceans  moderate  the  temperatures 
of  the  narrower  continent,  making  the  heat  less  torrid  and  the 
cold  less  severe.  Buenos  Aires  lies  in  the  latitude  of  Memphis,  in 
the  State  of  Tennessee,  and  has  a  mean  annual  temperatiure 
equivalent  to  that  of  the  State  of  South  Carolina  or  Alabama. 
The  curve  of  the  same  mean  temperatiure — about  60*^  F. — swings 
south  through  the  Province  of  Buenos  Aires  and  westward  across 
the  Territory  of  Rio  Negro  to  the  Province  of  Mendoza,  through 
districts  which  resemble  the  States  of  Texas,  Arizona,  and  the 
Valley  of  California.  Thus  we  may  say  that  the  central  r^on 
of  Argentina  corresponds  dosdy  with  the  southern  Gulf  States 
and  the  southwest.  Northward  the  temperatures  are  somewhat 
higher,  and  in  the  extreme  northeast  of  Argentina  we  find  con- 
ditions resembling  those  of  southern  Florida  and  the  coast  of 
Mexico.  There  the  winter  temperatiure  rarely  touches  frost, 
and  the  maximum  in  the  western  arid  region  is  as  high  as  that 
of  the  Yuma  desert. 

Turning  to  the  far  southern  portions  of  the  country  we  are 
apt  to  think  of  severe  conditions  around  Cape  Horn,  but  on  the 
east  coast  they  are  not  so  extreme  as  is  generally  supposed. 
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The  mean  annual  temperature  on  that  coast  is  equivalent  to  that 
of  the  southern  coast  of  Maine,  but  the  minimum  is  not  lower 
than  that  of  Puget  Sound,  while  the  maximum  is  that  of  Nova 
Scotia.  In  the  fiords  on  the  west,  among  the  glader-covered 
moimtains,  the  local  conditions  are  often  far  more  rigorous  and 
snow-squalls  are  common,  even  in  summer.  Farther  inland,  in 
the  high  plateaus  of  southem  Patagonia,  the  cold  winds  from 
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INTRODUCTION  5 

or  supplying  water  to  the  crops,  but  where  the  rainfall  is  less  than 
500  millimeters  dry  farming  or  irrigation  becomes  necessary.  In 
Argentina  about  two-fifths  of  the  land  has  a  rainfall  exceeding 
500  millimeters,  whereas  the  other  three-fifths  has  less  than  that 
amount  of  annual  precipitation.  Here  is  a  factor  which  at  once 
distinguishes  the  northeastern  district  of  greater  rain  and  warmer 
climate  from  the  westem  and  southern  districts  of  lower  rainfall 
and  generally  cooler  climate.  The  northeastern  comprises  all 
that  portion  of  the  country  which  borders  the  Rio  de  la  Plata 
and  its  confluent  streams,  the  Uruguay,  the  Paraguay,  and  the 
Parand,  and  which  extends  back  from  these  rivers  beyond  the 
limits  of  Argentina  and  westward  nearly  across  the  Provinces  of 
Buenos  Aires  and  Santa  Fe  to  San  Luis,  C6rdova,  and  Tuciundn. 
The  drier  southwestern,  more  extensive  region  includes  the 
southern  and  westem  parts  of  the  Province  of  Buenos  Aires,  all 
the  provinces  of  the  north  stretching  along  the  foot  of  the  Andes 
and  into  the  Cordillera,  and  also  the  plateaus  of  Patagonia  east  of 
the  Andes.  The  southwestem  hiunid  zone  is  confined  to  the 
Andean  belt  and  its  foot-hills. 

The  agricultural  products  of  the  country  vary  with  the  con- 
ditions of  temperatmre  and  rainfall  so  briefly  sketched.  Were 
farmers  of  the  United  States  transplanted  to  Argentina  they 
would  find  congenial  climates  and  products  to  accord  with  their 
experiences  at  Jiome  in  different  sections  of  the  country.  The 
orange-grower  of  the  State  of  Florida  and  the  cotton-grower  of 
the  Gulf  States  would  be  at  home  in  the  northeastern  part,  in 
Corrientes,  Entre  Rios,  Santa  Fe,  £1  Chaco,  and  Formosa.  The 
com-planter  might  till  his  fields  in  the  northem  part  of  Buenos 
Aires  Province  and  the  wheat-farmer  in  the  central  and  southern 
parts.  The  sugar-grower  from  the  State  of  Louisiana  would  find 
cane  and  the  sugar  monopoly  at  Tuciundn;  the  orchardist  of 
California  could  grow  grapes  and  fruits  imder  irrigation  in  the 
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valleys  at  the  foot  of  the  Andes  about  Mendoza.  The  cattlemen 
of  northern  Texas  and  the  sheep-herder  from  Arizona  and  Wyo- 
ming might  duplicate  their  ranges  from  C6rdova  south  to  Santa 
Cruz;  and  in  the  far  south,  in  Tierra  del  Fu^;o,  the  web-footed 
Or^onian  would  find  congenial  gray  skies,  mists,  and  rain. 

After  this  general  suivey  it  is  desirable  to  distinguish  more 
clearly  the  nudeal  region  of  Argentina.  The  river  Provinces 
that  range  along  both  sides  of  the  navigable  Parani  and  Paraguay 
on  the  north  and  east  are  Entre  Rios,  Corrientes,  and  Misiones; 
on  the  south  and  west  Buenos  Aires,  Santa  Fe,  and  the  territories 
of  El  Chaco  and  Formosa.  These  form  the  nucleus  of  the  Ar- 
gentine domain  about  which  the  other  Provinces  and  Territories 
are  grouped.  Here  are  the  rich  delta  lands  and  the  Pampas 
favored  by  climate,  soil,  and  facile  communication  with  the 
rest  of  the  world.  Here  will  gather  a  dense  population,  and 
here  will  always  be  the  seat  of  Argentine  wealth  and  commerce 
— ^the  heart  of  the  Argentine  nation. 

On  the  west  and  south  of  this  nudeal  r^on  is  the  marginal 
zone  of  the  districts  less  favored  with  rainfall  and  therefore  more 
limited  in  agricultural  possibilities.  It  is  here  that  water  plays 
a  more  important  part  than  soil  and  that  the  great  irrigation 
projects  of  Argentina  will  be  developed  as  the  nation  grows. 
Mendoza  set  the  example  more  than  thirty  years  ago  and  has 
become  rich  through  her  vineyards  and  orchards.  All  along  the 
foot-hills  of  the  Andes  similar  conditions  exist  in  many  rich  val- 
leys as  far  south  as  the  Province  of  Chubut,  the  conditions  chan- 
ging, however,  with  the  latitude,  the  amount  of  sunshine,  and  the 
date  of  early  and  late  frosts.  The  lands  which  may  be  irrigated 
are  so  extensive  that  they  might  use  far  more  water  than  flows 
even  from  the  snow-capped  Cordillera,  and  in  time  every  pos- 
sibility for  the  storage  and  regulation  of  the  streams  will  be 
developed. 
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Eastward  beyond  the  reach  of  the  Andean  streams,  in  the 
territories  of  central  and  southern  Argentina,  is  the  great  area  of 
lands  which  must  always  be  devoted  to  grazing  and  in  large  part 
to  sheep-raising.  In  the  northern  and  drier  r^ons  of  Patagonia 
the  fine-wooled  Merino  finds  a  congenial  home,  and  there  may  be 
grown  the  wool  suited  to  the  manufactiure  of  fine  clothing  and 
knitted  goods.  As  we  go  south  into  the  colder  and  moister  dis- 
tricts toward  the  straits  the  Merino  gives  place  to  the  heavier  and 
coarser  English  breeds,  which  are  bred  for  mutton  rather  than 
for  wool,  and  there  already  are  located  the  freezing  establishments 
which  prepare  mutton  for  the  Eiuropean  markets.  At  the  pres- 
ent time  cattle  and  sheep  herding  are  still  practiced  on  a  large 
scale  in  the  Provinces  of  Buenos  Aires  and  Santa  Fe,  as  well  as 
in  Entre  Rios  and  Corrientes.  By  far  the  larger  proportion  of  the 
20,000,000  head  of  cattle  and  the  80,000,000  sheep  of  the  Republic 
are  to  be  found  in  these  territories,  but  that  condition  is  Hot  one 
which  will  persist  when  the  ranges  shall  be  turned  into  farms. 
Where  it  is  practicable  it  is  more  profitable  to  grow  wheat  and 
com  than  to  grow  beef  and  mutton,  and  the  economic  advantage 
will  in  time  displace  the  less  profitable  industry.  Then  the 
farm  lands,  which  are  now  in  large  tracts,  will  be  divided  into 
small  farms  worked  by  the  owners  themselves.  The  con- 
ditions of  sheep  and  dattle  raising  will  change,  as  they  have 
changed  in  Iowa  and  Illinois,  and  become  subordinate  to  agri- 
cultiure,  while  the  lands  which,  lying  outside  of  the  great  agri- 
cultural regions,  must  always  be  devoted  to  grazing  will  be 
enhanced  in  value  through  the  increased  demand  for  their 
products. 

Agriculture,  grazing,  and  commerce  are  the  activities  clearly 
indicated  as  those  which  the  Argentine  nation  must  develop  on 
the  basis  of  the  physical  resources  of  the  country.  May  we  add 
to  them  manufacturing  industries?    Argentina  has  no  coal  and 
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throughout  mne-tenths  of  her  territory  no  large  amount  of  water- 
power  which  can  be  utilized  for  manufacturing.  Here  she  is 
definitely  and  narrowly  limited  and  must  always  be  dependent 
for  manufactured  products  upon  countries  more  fortimately  con- 
ditioned. But  she  is  not  entirely  without  resoiurces  which  may 
be  developed  as  a  competing  factor  to  relieve  her  of  absolute 
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INTRODUCTION  9 

tunate  countries  of  the  worid  with  grain  and  meat  It  is  also 
clear  that  the  material  resources  offer  no  other  prospect,  and 
therefore  the  prosperity  and  leisure  which  are  essential  to  high 
intellectual  development  depend  upon  the  exploitation  and  con- 
servation of  the  soils  and  waters  of  the  Argentine  domain. 

Exploitation  and  conservation  are  by  many  considered  to  be 
contradictory  terms,  exploitation  being  taken  to  mean  exhaust- 
ive utilization  for  immediate  profit,  and  conservation  repre- 
senting the  idea  of  preservation  for  future  use.  But  this  view  has 
often  been  shown  to  be  incorrect.  Exploitation  of  natural  re- 
sources with  due  regard  for  prevention  of  waste  and  reproduction 
of  crops  is  conservation.  Conservation  means  that  that  which 
is  ripe  shall  be  used,  whereas  that  which  is  not  ripe  shall  be 
neither  used  nor  destroyed  but  shall  await  the  time  of  maturity. 
This  applies  to  all  things  that  grow,  to  grass  and  to  trees.  The 
things  that  do  not  grow,  such  as  soil  and  waters,  are  con- 
served in  preventing  their  waste  and  promoting  their  highest 
utilization. 

From  this  point  of  view  the  Argentine  conditions  present 
certain  definite  problems  in  conservation.  To  define  them  we 
may  take  specific  instances.  The  forests  of  Argentina  are 
limited.  They  fall  into  two  very  distinct  classes,  those  of  the 
tropics  and  those  of  the  temperate  Cordillera,  which  differ  not 
only  in  the  kinds  of  trees  but  also  in  their  utility.  In  the  tropics 
are  various  useful  spedes  of  which  two,  the  quebracho  and  the 
mate  yerba,  are  the  most  conspicuous.  The  quebracho  forests 
have  almost  entirely  passed  from  Government  control  and  m 
private  hands  are  rapidly  being  cut  to  make  quebracho  extract 
for  tanning.  The  mate,  or  Paraguayan  tea,  which  takes  a  more 
important  place  in  Argentine  life  than  coffee  does  in  North 
America,  is  a  small  bush  from  which  the  leaves  may  be  picked 
as  tea-leaves  are  in  China  and  Japan,  without  injury  to  the 


Digitized  by 


Google 


•lo  NORTHERN  PATAGONIA 

plant  if  due  care  is  taken,  but  the  Yerbales  are  beLog  seriously 
injured  by  wasteful  methods  of  gathering  the  leaves  to  reduce 
the  cost  and  increase  the  profit.  The  Government  is  awake  to 
these  conditions,  and  high  officials  are  striving  to  correct  them; 
but  it  remains  to  be  seen  whether  the  Argentine  Congress  can 
pass  and  the  Argentine  Executive  enforce  laws  that  shall  protect 
yoimg  quebracho  trees  or  insure  their  planting,  and  prevent  the 
destruction  of  the  mate  yerba. 

In  the  Andean  forests  there  is  a  different  problem.  Most  of 
them  are  still  in  the  hands  of  the  Government  and  by  the  or* 
ganization  of  an  efficient  forest  service  may  be  brought  absolutely 
under  Government  control  A  reorganization  of  the  Forest 
Service  is  in  progress,  and  if  the  program  which  is  now  proposed 
be  adequately  supported,  the  question  will  be  solved.  At  the 
present  time  protection  against  fire  is  the  most  urgent  necessity, 
since  these  forests  lie  on  the  borders  of  Chile  within  reach  of  the 
wandering  cattle-herders  whose  long-established  habit  is  to  set 
fire  to  the  forests  in  order  to  dear  away  the  undergrowth  and 
utilize  the  grass  which  q>rings  up  among  the  burnt  tree-trunks. 
Thorough  police  control,  constant  watchfulness,  easy  communi- 
cation, and  an  awakened  public  spirit  are  needed  in  the  Cordillera. 
The  important  service  for  which  these  forests  should  be  con- 
served is  that  of  regulating  the  streams  which  flow  from  the 
Cordillera  across  the  eastern  semi-arid  r^on  of  central  Argen- 
tina. They  cover  the  mountain  ranges,  where  the  annual  pre- 
cipitation is  very  heavy  and  a  large  part  of  it  falls  as  snow.  The 
dense  growth  of  the  Andean  beeches,  cedar,  and  bamboo  protects 
the  groimd  and  prevents  the  rapid  run-off  in  the  streams.  Even 
as  it  is,  there  are  great  floods  and  in  siunmer  proportional  scarcity 
of  water.  But  if  these  forests  be  stripped  from  the  steep  slopes 
of  the  Andes  the  floods  will  be  greatly  aggravated  and  the  waters 
available  for  irrigation  will  be  so  diminished  that  the  valleys, 
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which  should  become  the  seat  of  a  dense  and  prosperous  popu- 
lation, will  be  left  to  the  solitary  sheep-herder  and  his  flocks. 
This  being  the  condition,  it  is  fortunate  that  the  forests,  as  they 
now  stand,  have  not  in  themselves  great  intrinsic  commercial 
value.  The  cipr&  or  cedar,  a  good  lumber  when  well  grown, 
is  not  very  abundant  nor  often  free  from  knots  and  defects. 
The  coihu6,  or  Andean  beech,  the  most  conmion  tree,  is  in  general 
overripe,  as  is  apt  to  be  the  case  in  virgin  forests,  and  a  laige 
proportion  of  the  trees  are  unsound.  The  wood  is  exceedingly 
heavy,  will  not  float  in  the  streams  or  lakes,  and  is  expensive 
to  transport  to  market.  It  therefore  offers  little  temptation 
to  exploit  it  commerdaUy.  Yet  means  can  be  foimd  gradually 
to  replace  these  old  overripe  forests  with  cidtivated  stands  of 
useful  limiber  varieties.  Thus  the  conservation  problem  of 
the  Andean  forests  comprises  three  questions — ^how  to  prevent 
fires,  how  to  remove  the  natural  growth  to  the  best  advantage 
without  destroying  its  effectiveness  in  controlling  the  waters, 
and  how  to  replace  it  with  more  valuable  species.  These  prob- 
lems will  not  be  solved  in  one  generation,  but  the  Argentine  ad- 
ministration is  taking  steps  toward  fire  protection  and  recognizes 
the  necessity  of  forest  reserves.  In  this  direction  it  is  making  an 
excellent  beginning. 

The  conservation  of  the  waters  and  their  utilization  to  the 
greatest  possible  extent  of  economic  service  is  the  most  impor- 
tant factor  among  the  natural  resources.  Waters  suitable  for 
irrigation  are  quite  inadequate  to  cover  more  than  a  small  frac- 
tion of  the  appropriate  areas.  The  irrigation  problem  centers 
in  the  streams  that  flow  from  the  Andes  and  the  valleys  along 
their  courses.  The  greatest  of  all,  the  Rio  Negro,  is  already 
being  developed  by  the  construction  of  a  dam  on  its  northern 
branch,  the  Neuqudn,  to  irrigate  lands  in  the  valley,  and  irriga- 
tion is  practiced  in  the  vicinity  of  Choele-Choel,  on  the  river. 
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Studies  are  in  progress  of  the  lake  basins  in  which  the  waters 
gather  before  they  leave  the  Andes,  and  the  general  question  of 
the  complete  utilization  of  the  waters  will  be  developed  along 
the  lines  ably  outlined  several  years  ago  by  the  Italian  engineer 
Cipoletti.  Irrigation  works  of  more  or  less  local  importance 
are  in  progress  in  various  other  parts  of  Argentina,  partly  under 
Government  auspices  and  partly  imder  contracts  between  the 
Government  and  the  great  railroad  systems^  Yet  it  must  be 
said  that  no  adequate  study  of  the  great  problem  of  conserva- 
tion and  utilization  of  the  waters  of  the  coimtry  is  being  made. 
There  is  no  other  resource  of  equal  importance  to  Argentina, 
yet  there  is  no  organized  service  engaged  in  mapping  the  water- 
sheds and  measuring  the  rivers.  The  engineers  who  plan  costly 
public  works  are  obliged  to  proceed  upon  very  inadequate 
guesses  of  the  voliunes  of  water  which  they  may  have  to  handle, 
and  without  maps  of  the  watersheds  from  which  the  streams 
gather.  Under  these  drciunstances  any  irrigation  project  is 
likely  to  be  a  costly  experiment  and  there  can  be  no  wise  selec- 
tion of  the  lands  and  waters  which  may  be  most  economically 
and  most  advantageously  developed  at  the  present  time.  To 
emphasize  this  point,  I  need  but  dte  the  experience  of  the  Recla- 
mation Service  of  the  United  States  of  North  America,  which 
was  that  only  one  in  ten  of  the  projects  for  storage  and  utiliza- 
tion of  waters  for  irrigation  in  the  United  States  gave  such  promise 
of  a  reasonable  return  upon  the  cost  of  construction  imder  Gov- 
ernment supervision  that  it  could  be  imdertaken  on  the  condition 
that  it  should  eventually  pay  for  itself.  The  works  carried  out 
by  that  service  are  more  important  to  the  people  of  the  United 
States  and  they  involve  engineering  questions  as  difficult  as  those 
of  the  Panama  Canal.  They  have  been  based  upon  thorough 
topographic  and  hydrographic  studies  and  so  upon  definite 
information  of  the  nature  of  the  territory  and  the  conditions 
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of  supply  of  the  water  in  each  case.  In  Argentina  further  prog- 
ress in  the  development  of  her  water  resources  should  be  based 
upon  like  studies  covering  the  Andean  Cordillera  and  the  streams 
which  flow  from  it. 

A  survey  of  the  water  resources  of  the  coimtry  will  also  be  of 
great  value  in  a  determination  of  the  available  water-powers. 
In  the  United  States  of  North  America,  where  it  is  reckoned 
that  the  coal  supply  will  not  be  exhausted  for  a  centiuy  and  a 
half y  the  people  are  nevertheless  anxious  that  the  nation  shall 
retain  control  of  the  inexhaustible  power  which  the  falling  streams 
can  be  made  to  yield.  How  much  more  urgent  is  that  control 
of  water-powers  in  Argentina,  where  there  is  no  other  source! 
The  Argentine  laws  already  reserve  to  the  Government  rights 
over  the  streams  and  their  banks,  but  it  is  none  too  early  to 
direct  attention  to  the  fact  that  whatever  manufacturing  may 
develop  will  be  entirely  dependent  on  the  water-powers  and 
subject  to  the  control  of  whoever  owns  those  powers. 

Grazing  being  an  industry  which,  in  Argentina,  takes  rank 
in  importance  with  agricidture,  the  entire  nation  is  interested 
in  the  grasses  on  which  the  herds  and  flocks  pastiure.  Control 
and  regulation  of  grazing  will  not  be  entirely  effective  without 
better  knowledge  of  the  grazing-plants  than  is  now  available. 
They  have  been  collected,  classified,  and  named.  The  number 
of  known  species  of  grasses  from  Patagonia  is  very  large.  But 
their  nutritive  value,  conditions  of  growth  and  reproduction, 
relative  abundance,  and  other  characters  bearing  on  their  value 
as  fodder  plants  remain  unknown.  Here  is  work  for  the  botanist 
who  is  willing  to  follow  the  sheep  and  learn  from  its  habits  the 
lesson  of  conservation  in  the  arid  plateaus.  In  the  United  States 
it  has  been  shown  that  such  studies  have  practical  value,  inas- 
much as  by  abstaining  from  grazing  certain  lands  during  the 
flowering  and  seeding  season  of  the  pasture  plants,  the  pasture 
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may  be  made  richer  instead  of  poorer,  even  though  heavily 
stocked  during  the  rest  of  the  year. 

From  whatever  side  we  approach  the  problem  of  conserva- 
tion in  Argentina  we  are  met  by  the  need  of  adequate  knowledge 
of  the  natural  resources  and  conditions  of  development.  There 
is  still  a  vast  ignorance  of  facts  that  vitally  affect  the  availability 
of  the  coimtry  as  the  environment  of  a  great  nation. 
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GENERAL  DESCRIPTION 

The  southern  portion  of  Argentina,  stretching  from  the  Rio 
Negro,  in  latitude  40^,  to  Cape  Horn,  has  long  been  known  as 
Patagonia.  It  has  remained  a  little-known  r^on,  although  its 
coasts  have  been  visited  by  navigators  since  the  days  of  Magellan 
and  its  territory  was  traversed  by  explorers  in  the  days  of  the 
Spanish  Conquest  As  early  as  1553  Francisco  de  Villagrdn, 
a  Spanish  captain  serving  imder  Valdivia,  the  conqueror  of 
Chile,  crossed  the  Andes  in  latitude  39^  and  proceeded  eastward 
until  stopped  by  a  large  river,  probably  one  of  the  tributaries 
of  the  Rio  N^ro.  During  the  succeeding  decades  several  mil- 
itary and  missionary  expeditions  crossed  the  Andes  from  Chile. 
In  1672  a  Jesuit  priest,  Nicol&s  Mascardi,  who  was  in  charge  of 
a  mission  among  the  Indians  on  Lago  Nahuel  Huapf  and  who 
was  a  firm  believer  in  the  existence  of  the  l^;endary  City  of  the 
Caesars,  traversed  Patagonia  from  Lago  Nahuel  Huapf  to  the 
Gulf  of  San  Juli&n,  on  the  Atlantic  coast.  After  having  thus 
crossed  the  continent  he  foimd  nothing  more  than  the  remains 
of  the  encampment  of  the  English  sailors  imder  John  Narborough, 
which  had  been  exaggerated  by  Indian  stories  and  by  his  own 
imagination  until  he  beUeved  them  to  represent  the  long-sought 
dty.  The  mission  at  Lago  Nahuel  Huapf  was  destroyed  by  the 
Indians  in  1717,  and  that  immediate  r^on  relapsed  into  ob- 
sauity  until  the  later  decades  of  the  nineteenth  century.  The 
northem  boimdary  of  Patagonia,  the  Rio  N^o,  was  first  ex- 
plored by  Basilio  Villarino  Bermtidez  in  1782.  Entering  from 
the  Atlantic,  Villarino  proceeded  in  boats  to  the  jimction  of  the 
Rio  Limay  with  its  northem  tributary,  the  Rio  Colloncurd,  and 
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as  at  that  point  the  larger  river,  the  Limay,  issues  from  a  canyon, 
whereas  the  CoUoncnrd  flows  in  a  wider  valley,  he  proceeded  up 
the  latter  and  probably  up  its  western  tributary,  the  Chimehuin. 
He  terminated  his  voyage  in  a  district  containing  extensive 
groves  of  apple-trees,  which  are  beheved  to  have  been  introduced 
by  the  Jesuit  fathers,  perhaps  two  hundred  years  before.  The 
locality  was  therefore  known  to  the  Spaniards  as  Las  Manzanas 
(the  apples)  or  by  the  Indian  name  Huechun-huechuen.  It 
was  probably  not  far  from  the  large  lake,  Huechidaufquen, 
near  Junfn  de  los  Andes.  This  district  afterward  became  noted 
through  the  association  of  the  explorer  Cox  (1863)  ^^  ^^ 
chief  Inacayal  and  of  Francisco  Moreno  (1880)  with  Shaihueque. 
In  the  extension  of  territorial  claims  over  southern  South 
America  Argentina  has  always  regarded  Patagonia  as  within  her 
dominion,  but  not  without  opposition  on  the  part  of  Chile,  which 
at  different  times  has  traced  boimdaries  that  should  include  more 
or  less  of  Patagonia  within  Chilean  territory.  The  disputes 
finally,  in  1881,  led  to  a  treaty  by  which  the  boimdary  was  fixed 
along  the  most  elevated  crests  of  the  Cordilleras  which  may  divide  the 
waters  flowing  to  the  Atlantic  and  the  Pacific.  Thus  all  the  Pampa 
region  of  Patagonia  was  ceded  to  Argentina.  There  remained  in 
the  Andes  a  contested  belt  in  districts  where  the  crest  of  the  Cor- 
dillera did  not  correspond  with  the  divide  of  the  waters  between 
the  two  oceans,  and  from  the  consequent  explorations  to  estab- 
lish the  international  boimdary  there  resulted  a  more  definite 
knowledge  of  the  geography  of  that  region,  comprising  the  Cor- 
dillera from  latitude  39^  to  latitude  52^,  than  was  possessed  of 
any  other  part  of  the  Andes.  In  1902  the  disputed  boimdary 
between  Argentina  and  Chile  was  fixed,  by  the  arbitration  of 
King  Edward  VH,  in  such  a  way  as  to  divide  the  contested  zone 
equitably  between  the  two  countries  and  to  fix  for  all  time  the 
westem  limit  of  Argentine  Patagonia. 
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Argentine  Patagonia  may  be  said  to  comprise  that  portion 
of  South  America  which  lies  south  of  the  Rio  Negro,  west  of  the 
Atlantic  Ocean,  and  east  of  the  arbitrary  international  boimdary 
line,  which  is  traced  longitudinally  down  the  Andes.  It  has 
an  area  of  about  753,000  square  kilometers,  or  291,000  square 
miles.  The  coimtry  has  been  divided  into  four  Territories — ^Rio 
Negro,  Chubut,  Santa  Cruz,  and  Tierra  del  Fuego.  Settlements 
have  grown  up  at  each  of  the  Atlantic  ports  or  near  the  coast, 
the  principal  ones  being  San  Antonio,  in  Rio  Negro;  Rawson, 
Madr3m,  Camarones,  and  Comodoro  Rivadavia,  in  Chubut;  Puer- 
to Deseado,  San  Juli&n,  and  Santa  Cruz,  in  Santa  Cruz;  and 
Ushuaia,  in  Tierra  del  Fuego.  Large  grants  of  land  have  been 
made  to  both  Argentine  and  foreign  proprietors  throughout  all 
the  Territories,  yet  the  fiscal  or  public  lands  are  still  very  exten- 
sive. The  entire  coimtry  south  of  the  Rio  Negro  has  been 
occupied  for  sheep-raising,  and  in  the  Cordillera  the  breeding  of 
cattle  has  also  become  an  important  industry.  Thus  a  pastoral 
population,  hgi  part  fixed  on  estandas  to  which  the  occupants 
have  title  and  in  part  squatting  on  the  Government  lands,  has 
taken  possession  of  the  region,  which  has  been  exploited  for 
the  advantage  of  individuals  without  reference  to  anything  but 
immediate  profit,  very  much  as  the  public  lands  of  the  western 
United  States  were  exploited  until  the  development  of  the  rail- 
roads and  the  advance  of  settlements  substituted  a  fixed  popu- 
lation for  the  sheep  and  cattle  raisers. 

Patagonia  has  been  described  as  a  region  of  desert  plains,  but 
it  is  neither  plain  nor  desert.  A  better  general  description  is 
that  it  is  a  region  of  semi-arid  grassy  plateaus;  but  even  this 
phrase  fails  to  give  an  idea  of  the  great  diversity  of  climate  and 
topography.  The  traveler  who  knows  Argentina  solely  through 
having  crossed  the  great  alluvial  plains  between  Buenos  Aires 
and  Mendoza  is  likely  to  conceive  all  the  treeless  pampas  as  sim- 
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ilar  in  character  to  these  plains^  but  the  Patagonian  plateaus 
are  much  more  varied  in  aspect.  Athwart  the  route  of  the  trav- 
eler entering  Patagonia  from  any  one  of  the  Atlantic  ports  there 
are,  indeed,  great  stretches  of  plains,  which  impress  themselves 
vividly  upon  the  mind  of  one  who  crosses  them  on  horseback 
or  in  the  slow-moving  oz-carts;  but  farther  west  extend  plateaus 
that  attain  i,ooo  to  i,6oo  meters  (3,000  to  5,000  feet)  above  the 
sea  and  are  broken  by  deep  canyons  bounded  in  many  places 
by  the  black  escarpments  of  lava  flows.  Above  the  plateaus 
rise  volcanic  peaks  of  varied  and  picturesque  outline,  and  look- 
ing westward  from  any  of  these  peaks  one  sees,  stretching  along 
the  horizon,  the  snowy  range  of  the  Andes. 

It  may  seem  inappropriate  to  apply  the  term  ^^pampa"  to  a 
coimtry  so  imlike  the  great  Pampas  of  the  Province  of  Buenos 
Aires,  with  which  the  word  is  most  commonly  associated,  but 
local  usage  fully  justifies  its  application  to  this  part  of  Patagonia. 
"Pampa"  and  "cordillera"  are  there  employed  as  contrasting 
terms,  there  being  a  very  striking  difference  between  the  broad 
plains  of  the  grassy  plateaus  and  the  serried  ranges  of  the  forest- 
clad  Andes.  Moreover,  the  plains  are  vast  and,  though  in  places 
high,  are  fairly  described  by  the  definition  of  ^^pampa"  C^Uanura 
de  mucha  extensi6n,  cubierta  de  hierba")  given  by  the  Spanish 
Academy. 

"Desert"  is  a  term  lightly  used  by  explorers  accustomed  to 
the  rich  vegetation  of  northern  Europe  or  the  eastem  United 
States,  to  describe  any  country  in  which  plants  have  become 
adapted  to  long  droughts  and  but  partly  cover  the  ground; 
where  tufts  of  brown  grass,  small  gray  leaves,  or  leafless  thomy 
stems  are  characteristic  of  the  vegetation;  where  coarse  hot  sand 
from  which  the  wind  has  blown  away  the  finer  soil  seems  to  for- 
bid the  sprouting  of  any  useful  plant.  These  conditions  prevail 
in  a  great  part  of  Patagonia,  and  it  requires  experience  of  semi- 
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arid  regions  to  realize  that  this  country  is  not  a  desert  but,  like 
other  semi-arid  r^ons,  yields  pasture  to  millions  of  animals  and 
may  become  far  more  productive  if  the  scanty  waters  are  wisely 
used.  We  may  recall  the  fact  that  the  once  so-called  great 
American  desert  has  yielded  to  the  adaptabiEty  and  enterprise  of 
the  people  of  the  United  States  until  but  5  per  cent  of  the  area 
of  that  entire  coimtry  is  now  reckoned  as  without  useful  purpose. 
Patagonia  is  known  through  the  stories  of  explorers  who  have 
traced  long,  thin  lines  of  travel  across  it,  through  the  descriptions 
of  travelers  who  have  touched  its  margins,  and  through  some 
official  accounts  of  observers  who  are  familiar  with  agricidture 
and  grazing  in  the  more  hiunid  climate  of  central  Argentina. 
These  accoimts  are  incomplete  and  leave  us  in  ignorance  of  the 
resources  that  may  be  recognized  when  responsible  ownership 
of  the  lands  and  ready  communication  with  the  world's  markets 
shall  bring  about  the  full  development  of  these  southem  Terri- 
tories. Although  large  areas  are  still  occupied  by  squatters, 
whose  flocks  range  only  the  best  of  the  public  lands,  and  although 
sheep-herding  in  general  is  inefficiently  managed  throughout 
this  r^on,  it  appears  from  the  available  data  that  the  Territories 
of  Neuqudn,  Rio  N^o,  Chubut,  Santa  Cruz,  and  Tierra  del 
Fuego  had  the  following  population  in  live  stock  in  1908: 

LIVB-STOCK  CENSUS  OF  1908,  PATAGONIA  AND  NEUQUEN 


Ar»t.Sq. 

Cattk 

Hones 

Mttkt 

Don- 
keyt 

441 

554 

184 

19 

3 

Sbeep 

GmUs 

Pi«i 

Neuqudn 

Rio  Negro. . . 

Chubut 

Santa  Cruas... 
Tierra  dd 
Fuego 

Total 

104,972 
206,695 
241,976 
282,678 

21,495 

I93i728 

^79AS9 

334,995 

251329 

11,851 

104,695 

182,474 

165,832 

36,382 

10,173 

7,039 

5,345 

1,647 

368 

105 

672,957 
4,724,844 
2,123,628 
2,387,566 

1,342,351 

170,919 

75,698 

21,943 

14 

53 

4,748 
3,332 
1,370 
1,017 

562 

857,816 

845,362 

499,556 

14,504 

1,201 

11,251,346 

268,627 

11,029 
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These  figures  represent  the  latest  censxis  available.*    OflSdal 
estimates  based  on  them  for  the  year  191 2  are: 


CatUe 

Sheep 

Rio  Negro  and  Neuqu6n 

675,082 
721,897 

9,576,154 
12,601,882 

Chubut,  Santa  Cruz,  and  Tierra  del  Fuego 

Total 

1,396,979 

22,178,036 

The  increases  in  the  course  of  four  years  are  estimated  to 
be  in  roimd  numbers  540,000  head  of  cattle  and  11,000,000  sheep. 
They  may  reasonably  be  attributed  to  the  increase  of  capital 
put  into  the  business  in  Patagonia  during  that  time,  but  not  in 
any  large  proportion  to  improvement  in  methods  and  conditions 
of  grazing.  The  wasteful,  destructive  habits  of  irresponsible 
owners  of  herds  still  prevail  throughout  Patagonia,  except  in  a 
few  well-managed  estandas.  Sheep  range  siunmer  and  winter, 
year  after  year,  upon  one  and  the  same  pasture.  Edible  plants 
have  little  opportunity  to  recover  or  to  seed.  Useless  or  noxious 
plants  multiply.  The  Government  can  not  too  soon  take  pos- 
session of  the  public  ranges  to  bring  them  imder  control  and  pre- 
vent injury  to  the  pastures  or  even  their  destruction.  It  can  not 
too  soon  enforce  sanitary  regulations,  especially  against  scab. 

The  Andean  mountain  region  of  Argentine  Patagonia  is  very 
distinct  from  the  Pampa  region  in  topography,  climate,  and 
vegetation.  The  rainfall  is  very  much  heavier  and  all  the  con- 
ditions of  the  coimtry  are  changed  accordingly.  Sheq>-raising, 
which  is  and  always  will  be  the  great  industry  of  the  Pampas,  is 
not  practicable  in  the  forested  Cordillera,  as  the  feed  is  not 
suited  to  sheep,  whereas  cattle-raising,  which  is  unsuccessful 
in  the  drier  part  of  the  Pampas,  will  alwa3rs  be  a  principal  indus- 
try in  the  Cordillera.    Forests,  of  which  there  is  no  vestige  in 

*  Census  of  territories  for  1913  not  available  at  time  of  writing. 
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the  Pampas,  clothe  the  mountain  slopes  of  the  Andes.  In  the 
Pampas  running  streams  are  rare,  but  in  the  Andes  they  consti- 
tute one  of  the  principal  natural  featiures  and,  gathering  in  beau- 
tiful lakes  or  in  great  rivers,  determine  the  future  of  the  region 
to  be  one  of  manufacturing  industries  based  on  water-power  and 
of  tourist  travel  attracted  by  the  beautiful  scenery. 

The  climate  of  Patagonia  is  better  known  than  any  other 
natiural  condition  which  affects  its  occupation  by  man.  This  is 
due  to  the  enterprise  of  Walter  G.  Davis,  for  twenty  years  the 
chief  of  the  Argentine  Meteorological  Bureau,  who  has  developed 
every  opportunity  to  establish  meteorological  stations  even  in 
these  outlying  Territories  and  to  obtain  records  of  climatic  con- 
ditions and  their  variations.  From  the  results  of  his  work  pub- 
lished in  1910'''  are  gathered  the  following  general  notes. 

The  mean  annual  temperature  of  Patagonia  varies  from 
15^  C.  (59*^  F.)  in  the  valley  of  the  Rio  Negro,  in  latitude  40^, 
to  5^  C.  (41*^  F.)  in  the  vicinity  of  Cape  Hom,  and  the  lines  of 
equal  temperature  extend  across  the  country  from  north  by 
west  to  south  by  east  in  such  a  way  that  the  Atlantic  coast  is 
materially  warmer  than  the  Cordillera,  a  point  of  a  certain  tem- 
perature being  f oimd  as  much  as  9^  of  latitude  farther  south  on 
the  coast  than  the  point  in  the  Andes  having  the  same  tempera- 
ture. Thus  the  isotherm  of  8^  C.  (46^  F.)  mean  annual  tem- 
peratiure  passes  through  the  mouth  of  the  Rio  Santa  Cruz,  in 
latitude  50^,  and  near  Lago  Nahuel  Huapf,  in  latitude  41^. 
The  winter  temperatures  show  a  similar  distribution,  but  the 
difference  is  greater,  for  the  line  of  mean  winter  temperature 
of  2^  C.  (36^  F.)  passes  through  Lago  Nahuel  Huapf,  in  latitude 
41^,  and  Tierra  del  Fuego,  in  latitude  55^  In  siunmer  the  dif- 
ference between  the  Cordillera  and  the  coast  is  less  pronoimced, 

*  ''Climate  of  the  Argentine  Republic/'  by  Walter  G.  Davis,  Department  of  Agri- 
culture, BuenoB  Aires,  19x0. 
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and  the  isotherms  cross  Patagonia  more  nearly  in  a  northwest- 
southeast  direction.  This  distribution  of  temperatures  affects 
both  grazing  and  agricidture,  for  the  climate  grows  more  severe 
toward  the  south  and  the  west,  and  one  passes  through  a  greater 
range  of  climate  from  east  to  west  than  in  an  equal  distance  from 
north  to  south.  So  far  as  temperature  is  concerned^  then,  the 
northern  and  eastern  districts  are  favored  rather  than  the  western 
and  southern.  We  shall  see,  however,  that  this  is  not  the  case 
in  regard  to  rainfall. 

The  moisture  that  is  precipitated  in  Patagonia  in  the  form  of 
rain  and  snow  is  derived  from  the  westerly  winds  which  in  this 
zone  sweep  from  the  Pacific  across  the  narrow  South  American 
continent.  The  air  currents  rise  over  the  Cordillera  of  the 
Andes  and  in  passing  over  that  broad  belt  of  high,  cold  summits 
lose  most  of  their  moisture.  The  air  which  reaches  the  east 
side  of  the  moimtains  is  therefore  relatively  dry.  There  is  a 
very  sharp  and  sudden  diminution  in  the  rainfall  along  the 
eastern  base  of  the  Andes,  the  amount  changing  as  much  as 
i,ooo  millimeters  in  a  distance  of  25  kilometers,  or  40  inches  in 
15  miles.  Thus  during  six  years  at  San  Martin  de  los  Andes 
the  annual  precipitation  averaged  1,890  millimeters,  and  at 
Junin  it  was  but  788  millimeters.  In  the  narrow  Andean  zone 
the  annual  precipitation  diminishes  from  3,000  millimeters  or 
more  in  the  moimtains  to  1,000  or  800  millimeters  at  the  eastern 
margin,  whereas  over  the  plateaus  of  Patagonia  the  amoimt  in 
general  varies  from  600  to  200  millimeters.  In  northern  Chubut 
and  Rio  Negro  there  is  a  drier  zone  which  occupies  the  central 
portion  of  the  continent.  The  rains  from  the  Cordillera  only 
occasionally  reach  so  far  east,  and  a  certain  amount  of  precip- 
itation which  falls  upon  the  Atlantic  coast  usually  does  not 
extend  so  far  west.  Thus  there  is  a  narrow  belt  of  minimum 
precipitation,  having  less  than  200  millimeters  mean  annual  rain- 
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fall,  which  extends  from  northern  Chubut  northward  to  Mendoza 
and  San  Juan  and  thence  crossing  the  Andes  is  continued  by 
the  dry  belt  of  the  Pacific  coast  in  northern  Chile  and  Peru, 
where  the  moist  winds  blow  from  the  east.  The  precipitation 
in  the  northern  part  of  the  region  is  even  less  than  in  the  south, 
and  the  zone  of  minimnm  precipitation  is  also  wider  toward  the 
north. 

With  reference  to  their  relation  to  the  industries  of  the  coim- 
try  the  rain  and  snowfall  have  a  distribution  opposed  to  that 
of  temperature,  for  the  greater  precipitation  is  in  the  colder  dis* 
tricts  and  the  lesser  in  the  warmer  districts.  Thus  central  north- 
em  Patagonia,  the  district  just  described,  which  lies  midway 
between  the  Atlantic  and  the  Cordillera  and  stretches  northward 
to  the  jimction  of  the  Limay  and  the  Neuqu6n,  has  the  highest 
summer  temperature  and  the  least  rainfall.  Southward  along 
the  Atlantic  margin  the  rains  increase  gradually  and  the  tem- 
perature is  lower.  For  instance,  between  San  Antonio,  in  lat- 
itude 41^,  and  Santa  Cruz,  in  latitude  50^,  there  is  a  difference 
of  6^  in  the  mean  annual  temperature,  the  diminution  being  from 
14®  to  8®  C.  In  crossing  the  continent  from  east  to  west  we  pass 
from  the  coastal  zone,  where  snowfall  is  infrequent  and  light, 
according  to  the  latitude,  to  the  Andes,  where  it  is  heavy  and  in 
the  high  moimtains  remains  permanently.  Farther  north,  in 
the  latitude  of  Mendoza  (33^)1  perpetual  snow  is  foimd  only  on 
the  highest  moimtains  of  the  Cordillera  above  altitudes  of  3,000 
to  4,000  meters.  In  the  latitude  of  Lago  Nahud  Huapf  (41^), 
peaks  of  2,000  to  2,500  meters  support  permanent  snow-fidds, 
and  toward  the  south  the  n6v6  and  the  gladers  become  more 
extensive  imtil  in  southern  Patagonia  they  cover  the  Andean 
chain.  The  greater  devdopment  of  glaciers  toward  the  south 
is  due  not  only  to  the  lower  temperature,  which  corresponds 
with  the  change  in  latitude,  but  also  to  the  greater  precipita- 
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tion,  for  the  permanence  of  snow-fidds  depends  on  the  prepon- 
derance of  winter  snows  over  summer  melting,  and  were  the 
precipitation  in  southern  Patagonia  no  greater  than  it  is  in  the 
Andes  north  of  Mendoza,  that  region  could  have  no  extensive 
glaciers. 

It  has  already  been  stated  that  the  limit  between  the  heavy 
precipitation  of  the  Cordillera  and  the  relatively  light  rainfall 
of  the  Pampas  is  sharply  defined  along  the  eastern  base  of  the 
Andes.  This  fact  enters  into  the  consideration  of  the  usefulness 
of  the  Pampa  region,  especially  with  reference  to  the  distribu- 
tion of  the  winter  snows.  They  diminish  so  quickly  eastward 
from  the  Andes  that  they  do  not  constitute  a  serious  obstacle 
to  the  wintering  of  live  stock  in  the  Pampas,  even  in  the  far 
south. 

\^d  is  an  important  factor  in  the  natmtd  ccmditions  of 
Patagonia.  The  entire  coimtry  lies  in  the  zone  of  westerly 
winds  that  girdles  the  earth  in  these  latitudes.  The  high  and 
cold  Cordillera  on  the  west  and  the  lower  and  warmer  Pampa 
on  the  east  act  reciprocally  to  induce  descending  and  ascending 
air  ciurents,  which  result  in  local  winds  that  agree  in  direction 
with  the  constant  westerlies.  Especially  is  this  true  of  the 
western  part  of  Patagonia,  where  winds  from  any  other  quarter 
are  extremely  rare.  Along  the  Atlantic  coast  easterly  winds  are 
of  somewhat  more  frequent  occurrence,  but  even  there  they  are 
not  so  common  as  those  from  the  west.  As  the  air  ciurents  fall 
like  a  cascade  from  the  Andean  heights  and  sweep  eastward 
across  the  treeless  plateaus,  they  often  gather  great  force*  Pat- 
agonia has  justly  come  to  be  known  as  a  very  windy  country. 
The  winds  increase  evaporation  from  the  surface  of  the  groimd 
and  transpiration  from  the  plants  and  thus  reduce  the  effective 
value  of  the  precipitation.  Animals  likewise  suffer  from  the 
wind,  and  in  winter  they  require  protected  ranges  in  order  to 
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maintain  themselves  in  good  condition.  For  this  reason  winter 
ranges  should  have  a  sunny  northern  exposure  protected  from 
the  western  winds. 

These  general  observations  on  the  climate  are  supplemented 
in  so  far  as  northern  Patagonia  is  concerned  by  the  special  report 
prepared  by  the  Argentine  Weather  Service  imder  the  direction 
of  its  chief,  Walter  G.  Davis.    (See  Appendix.) 

Even  in  Buenos  Aires  people  speak  of  Patagonia  as  far  away, 
yet  its  northern  districts  are  but  twenty  hoiurs  distant  by  train, 
and  Lago  Nahuel  Huapf,  the  principal  feature  of  the  futiu*e 
national  park  in  the  Andes,  is  no  farther  from  the  metropolis 
of  South  America  than  London  is  from  Rome,  or  Paris  from 
Budapest,  or  Denver  from  Chicago.  The  Ferrocarril  Sud  of  ^ 
Buenos  Aires  has  extended  its  line  westward  up  the  Rio  Negro 
valley  to  the  jimction  of  the  two  principal  headwaters  of  that 
stream,  the  Neuqu6n  tand  the  Limay,  and  is  building  into  the 
Territory  of  Rio  Negro.  The  Government  itself  is  constructing 
a  broad-gage  railroad  for  freight  traffic  from  the  Atlantic  port 
of  San  Antonio  westward  to  Nahuel  Huapf  and  proposes  to 
extend  it  beyond  that  lake  to  the  boimdary  with  Chile,  in  order 
thus  to  establish  a  transcontinental  line  with  a  total  length  of 
less  th^  a  thousand  kilometers  between  San  Antonio  and  Val- 
divia.  The  opening  of  northern  Patagonia  is  thus  in  progress, 
and  it  is  certain  that  in  the  near  futiu*e  it  will  become  a  conunon 
thing  to  proceed  from  Buenos  Aires  by  train  to  Lago  Nahuel 
Huapf  and  thence  across  the  Andes  to  southern  Chile,  over  a  route 
which  presents  far  greater  scenic  attractions  and  will  afford 
much  easier  railroad  operation  than  the  historic  pass  across  the 
Andes  from  Mendoza  to  Santiago,  traversed  by  the  present  nar- 
row-gage road. 

Government  lines  are  also  in  construction  in  southern  Pat- 
agonia^ but  they  have  not  progressed  far,  and  the  development  of 
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that  region  is  less  immediate,  though  near  at  hand  in  the  future. 
The  whole  coimtry  of  Patagonia  is  just  at  that  stage  of  occupa* 
tion  when  exact  knowledge  of  its  resources  is  of  the  highest 
importance.  Good  topographic  surveys,  a  general  study  of  the 
geologic  conditions,  investigation  of  the  resources  in  waters, 
pasture,  plants,  and  soils  suitable  to  agricultiu*e,  the  classifica- 
tion of  the  lands  according  to  their  futiu*e  uses  for  the  highest 
economic  service,  and  the  survey  of  routes  appropriate  for  rail- 
road construction  demand  immediate  consideration  and  will  in 
the  future  repay  many  times  the  cost  of  making  them. 

The  following  description  is  a  contribution  to  definite  knowl- 
edge of  the  extensive  territory  of  Patagonia,  but  it  covers  no  more 
than  a  fraction  of  the  entire  area  and  can  not  be  considered  as 
representative  of  a  coimtry  in  which  the  conditions  of  climate 
and  topography  and  all  the  features  that  depend  on  them  are  so 
varied. 
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SECTION  I 

PAMPAS  OF  NORTHERN  PATAGONIA 
Principal  Topographic  Features 

The  region  which  it  is  the  purpose  of  this  work  to  describe 
in  detail  comprises  the  Territory  of  Rio  Negro  and  the  northern 
portion  of  the  Territory  of  Chubut,  in  northern  Patagonia,  and 
the  southern  part  of  Neuqu6n.  The  valley  of  the  Rio  Negro 
is  the  most  obvious  topographic  feature,  but  as  it  has  not  been 
included  in  the  area  studied  by  the  Comisi6n  de  Estudios  Hidro- 
Idgicos,  only  a  brief  reference  can  be  made  to  it 

The  Rio  Negro  is  formed  by  the  jimction  of  the  Neuqu6n 
and  the  Limay;  the  latter,  rising  in  Lago  Nahuel  Huapf  and 
flowing  northeastward,  forms  the  boimdary  of  Patagonia  on  the 
northwest  Its  upper  valley  from  Lago  Nahuel  Huapf  to  a  point 
below  the  jimction  with  Rio  Traful,  a  distance  of  some  50  kilo- 
meters, is  a  canyon  among  mountain  ranges  and  is  exceedingly 
picturesque.  It  then  leaves  these  foot-hills  of  the  Cordillera 
and  runs  between  high  gravd-covered  terraces  till,  shortly  before 
joining  its  principal  northern  tributary,  the  Colloncur&,  it  passes 
through  a  rock  gorge,  and  then  enters  upon  a  broad  valley  with 
low  sandy  plains  along  either  bank.  Below  the  confluence  of 
the  Neuqu£n  and  the  Limay  the  Rio  Negro  flows  in  part  past 
cliffs  of  red  sandstone,  in  part  between  gravelly  banks  and  alluvial 
flood  plains.  At  Choele-Choel  the  valley  widens  and  the  river 
surroimds  a  very  fertile  island  which,  through  irrigation,  has^ 

become  a  prosperous  agricultural  center.    In  general,  the  lower 
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reach  of  the  valley,  from  Choele-Choel  to  Viedma,  presents  broad 
flood  plains  between  bluffs  of  gray  sandstone  or  gravel  and  will  in 
the  future  become  a  region  of  much  agricultural  importance 
through  the  development  of  irrigation.  At  present  there  is  no 
adequate  market  near  at  hand  for  the  fruits  and  vegetables  which 
the  valley  is  capable  of  yielding,  and  in  raising  wheat  in  compe- 
tition with  the  plains  of  Buenos  Aires  the  district  suffers  from 
lack  of  transportation.  These  conditions  will,  however,  be 
changed  by  the  advent  of  facilities  of  communication,  by  in- 
crease in  population,  and  by  the  development  of  industries  imder 
intelligent  agricultural  and  business  management. 

It  is  estimated  that  the  Rio  Negro  can  furnish  500  cubic 
meters  of  water  per  second  as  the  mean  discharge  for  the  entire 
year.  It  is  now  subject  to  great  fluctuations  in  volume,  which 
result  in  scarcity  of  water  during  the  irrigating  season  and  high 
floods  in  the  spring  and  autumn.  The  problem  of  regulating  the 
flow  depends  upon  the  control  of  the  Limay  and  the  Neuqu£n. 
The  Limay  rises  in  a  series  of  lakes  in  the  Andes,  which  are  so 
situated  with  reference  to  the  local  precipitation  that  they  re- 
ceive by  far  the  larger  part  of  the  total  volume  of  the  river.  It  is 
thus  provided  with  a  number  of  natural  storage  basins,  which 
greatly  facilitate  the  control  of  its  waters.  The  Neuqu£n  rises 
in  the  more  arid  section  of  the  Andes  farther  north,  and  the  regu- 
lation of  its  flow  presents  greater  difficulties.  The  valley  of  the 
Rio  N^ro  will  be,  however,  the  site  of  a  dense  population  and 
one  of  the  future  soiu*ces  of  wealth  of  the  Argentine  Republic, 
and  the  problem  of  directing  the  discharge  of  this  great  stream 
and  of  utilizing  its  waters  to  the  best  advantage  in  the  niunerous 
areas  that  are  capable  of  irrigation  is  one  which  should  be  studied 
as  a  whole,  from  the  extreme  soiu*ces  to  the  mouth  of  the  river. 
Such  an  investigation  was  begun  and  ably  carried  forward  by 
the  Italian  engineer  Cipoletti,  whose  work  was  unfortunately 
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interrupted  by  his  death  in  the  course  of  a  journey  up  the  Rio 
Negro  itself.  The  Argentine  Government  is  now  engaged  in 
constructing  great  irrigation  works  on  the  Neuqudn,  until  re- 
cently under  the  direction  of  a  compatriot  of  Cipoletti,  Don 
Dedo  Severiniy  to  utilize  part  of  the  waters  of  that  stream^  and^  as 
has  been  stated,  irrigation  is  being  successfully  practiced  in  the 
vicinity  of  Choele-Choel.  Studies  of  the  headwater  lakes  of  the 
Limay  are  also  in  progress;  but  it  still  remains  for  the  Govern- 
ment to  grasp  the  problem  of  the  development  of  the  valley  of 
the  Rio  Negro  in  its  entirety  and  put  into  execution  the  exten- 
sive surveys  and  hydrpgraphic  measiu*ements  which  should  be 
imdertaken. 

The  Rio  Negro  enters  the  Atlantic  in  latitude  40®  and  the 
head  of  its  principal  affluent,  the  Limay,  in  Lago  Nahud  Huapf , 
is  in  latitude  41®,  but  in  its  course  from  west  to  east  the  river 
swings  northward  as  far  as  latitude  39^  and  thus  incloses  within 
its  arc  the  northern  section  of  the  Territory  of  Rio  Negro.  In 
eastern  Rio  Negro,  immediately  south  of  the  river  valley  and 
separated  from  it  by  low  plateaus,  is  a  deep  depression  or  bajo, 
known  as  the  Bajo  del  Gualicho  or  Devil's  Deep.  The  Bajo  del 
Gualicho  is  a  basin  which  extends  from  the  vicinity  of  Choele- 
Choel  toward  San  Antonio  and  has  a  total  length  of  about  150 
kilometers  (100  miles)  and  a  width  of  perhaps  50  kilometers 
(30  miles)  or  more.  Its  geographic  limits  are  ill  defined  and  in 
the  absence  of  topographic  surveys  are  not  weU  known.  The 
basin  deepens  from  northwest  to  southeast.  The  lowest  point, 
at  its  east  end,  is  believed  to  be  some  30  meters  (100  feet)  below 
sea  level,  as  determined  by  aneroid-barometer  reading  compared 
with  Valcheta.  Some  explorers  have  described  it  as  the  old 
valley  of  the  Rio  Limay,  but  there  is  nothing  to  justify  the  sup- 
position that  any  river  ever  took  this  course  and  excavated  the 
valley.    It  is  an  area  which  has  lagged  behind  adjacent  districts 
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in  the  uplifting  of  the  continent  and  remains  a  relatively  low 
featiu*e  of  the  warped  surface.  It  has  also  been  deepened  by 
wind.  There  are  several  such  basins  in  Patagonia,  and,  although 
the  Bajo  del  Gualicho  spears  to  be  imusual  in  size,  probably 
when  it  is  survQred  it  will  be  foimd,  like  the  others,  to  consist 
of  several  minor  dq>ressions  rather  than  to  be  a  single  one. 

As  the  eastern  part  of  the  Bajo  del  Gualicho  lies  in  a  part  of 
northeastern  Patagonia  where  the  rainfall  is  very  small,  it  has  a 
very  arid  aspect.  In  many  respects  it  resembles  the  Salton 
Sink  in  southern  California,  but  the  desert  condition  is  not  so 
extreme  as  it  is  in  that  valley.  The  geographic  relations  of  the 
two  depressions  are  very  similar,  the  Salton  Sink  being  the  north- 
em  extension  of  the  Gulf  of  California,  while  the  Bajo  del  Gualicho 
is  the  northwestward  continuation  of  the  Golfo  de  San  Matfas, 
the  embayment  in  the  South  American  coast  which  terminates 
in  the  Bay  of  San  Antonio.  Between  San  Antonio  and  the 
bajo  there  is,  however,  a  zone  of  high  plains  which  reaches  loo 
meters  in  altitude  above  the  sea  and  divides  the  bay  from  the 
bajo.  Toward  the  northwest  the  bajo  runs  out  in  several  val- 
leys and  being  without  definite  limits  is  lost  in  the  plains  near 
longitude  67®,  south  of  the  Rio  Negro. 

The  Atlantic  coast  of  the  Territory  of  Rio  Negro  is  a  flat,  but  in 
general  not  low,  coastal  plain.  The  Atlantic  has  encroached  upon 
the  land,  and  sea  difls  20  to  30  mcJters  or  more  in  height  are  a 
common  feature  of  the  shore.  They  are  cut  in  horizontal  Ter- 
tiary strata  which  south  of  San  Antonio  rest  upon  a  flat  eroded 
surface  of  metamorphic  and  intrusive  rocks.  The  coastal  plain 
forms  an  extensive  belt,  generally  covered  with  gravels,  back 
from  the  shore  to  the  Bajo  del  Gualicho  in  the  north,  to  the 
similar  Bajo  de  Valcheta  a  little  farther  south,  and  to  a  center  of 
volcanic  eruptions  in  the  southeastern  portion  of  Rio  Negro. 
Although  we  shall  refer  to  this  continental  feature  as  the  coastal 
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plain,  it  is  not  a  low  plain  but  varies  in  devation  from  20  meters 
or  more  above  tide  level  near  the  sea  to  200  meters  farther 
inland. 

A  conspicuous  geographic  feature,  lying  south  of  the  Bajo 
del  Gualicho  and  like  it  stretching  from  south  by  east  to  north 
by  west,  is  the  Bajo  de  Valcheta.  Its  eastern  point  is  about 
80  kilometers  west  of  San  Antonio,  near  Aguada  Cedlio,  and  its 
western  about  180  kilometers.  Its  form  is  that  of  a  crescent, 
with  the  convex  side  toward  the  north.  The  lowest  point  within 
it  is  only  83  meters  above  the  sea,  while  the  surroimding  plains 
and  volcanic  plateaus  range  in  altitude  from  200  to  1,000  meters. 
It  is  completely  inclosed  by  these  greater  elevations,  and  the 
several  streams  which  flow  into  it  from  the  south  are  lost  in 
gravel  beds  or  evaporate  from  salt  lakes.  The  railroad  extending 
westward  from  San  Antonio  traverses  the  southern  slope  of  the 
Bajo  de  Valcheta,  and  the  district  will  in  the  future  be  settled 
by  conmnmities  established  through  the  use  of  the  tributary 
waters  for  irrigation  of  the  lower  fertile  lands.  The  conditions 
of  accumulation  and  use  of  these  waters  formed  one  of  the  studies 
to  which  the  attention  of  the  Comisidn  was  directed,  and  they 
will  be  described  in  detail  in  a  special  report  in  the  second 
volume. 

An  extensive  r^on  of  low  roimded  hills,  developed  from  red 
granitoid  rocks  (granites,  quartz  porphyries,  and  rhyolites),  suc- 
ceeds the  Bajo  del  Gualicho  and  the  Bajo  de  Valcheta  toward 
the  southwest  and  west,  extending  from  Corral  Chico  to  Ma- 
quinchao.  The  altitudes  of  the  hills  range  from  500  to  1,000 
meters  and  those  of  the  valleys  from  400  to  900  meters,  ascending 
toward  the  west  It  is  a  r^on  in  which  the  plateaus  are  very 
small  in  area  or  are  replaced  by  rounded  hilltops  and  in  which 
the  valleys  are  floored  by  beds  of  gravel  imderlain  by  sedimen- 
tary deposits.    The  hills  belong  to  an  old  continental  surface 
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which  has  in  the  course  of  its  history  been  partly  submerged  so 
that  it  became  an  archipelago  of  islands  and  inlets.  Among  the 
red  hills  that  rise  from  black  lava  flows  and  green  valle3rs  appear 
the  first  suggestions  of  the  pictiu*esque  coimtry  which  is  traversed 
in  the  journey  from  the  Atlantic  toward  the  Cordillera. 

South  of  the  Bajo  de  Valcheta,  stretching  along  the  southern 
portion  of  Rio  Negro  and  extending  into  Chubut,  there  is  a  broad 
volcanic  plateau  surmoimted  by  volcanic  peaks,  of  which  the 
principal  one  is  the  volcano  Somimcurd.  This  is  a  moimtain 
about  lySoo  meters  in  height  situated  30  miles  south  of  Valcheta, 
about  100  kilometers  southwest  of  San  Antonio.  It  is  very  near 
the  Atlantic  coast  and  marks  an  extensive  area  of  eruptions, 
distinct  from  those  which  are  encotmtered  in  the  high  plateaus 
nearer  the  foot-hills  of  the  Andes. 

About  400  kilometers  west  of  San  Antonio,  south  of  latitude 
41^  and  west  of  longitude  68®,  is  the  valley  of  the  Arroyo  Ma- 
quinchao,  which  flows  northwestward  and  then  westward  to  an 
interior  lake  without  outlet,  Lago  Carilauf quen,  where  its  waters 
evaporate.  From  the  west  another  tributary,  the  Arroyo  Gua- 
gud  Niyeu,  also  enters  Carilaufquen.  This  is  the  most  western 
of  the  interior  basins  which  include  the  Bajo  de  Valcheta  and  the 
Bajo  del  Gualicho.  It  differs  from  the  others  in  the  more  moim- 
tainous  character  of  its  surroundings,  the  district  being  one  of 
lava  plateaus  and  volcanic  peaks,  together  with  hills  of  older 
metamorphic  rocks  and  sedimentary  strata  deposited  upon  them. 
Maquinchao  lies  in  the  zone  of  minimum  rainfall  in  northern 
Patagonia  and  is  subject  to  the  severest  periods  of  drought, 
yet  the  valle)^  are  nevertheless  weU  watered,  as  the  streams  flow 
from  the  deep  rock  reservoirs  of  the  surroimding  volcanic  pla- 
teaus. The  railroad  traverses  the  valley  of  Maquinchao  and 
also  that  of  the  Arroyo  Guaguel  Niyeu,  and  here  again  settle- 
ments will  be  established  upon  the  fertile  valley  lands,  which 
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will  be  cultivated  under  irrigation.  Much  of  the  region  is  in- 
cluded within  the  property  of  the  English  Compania  de  Tierras 
de  Rio  Negro  (Rio  Negro  Land  Company),  which  here  owns 
nearly  i,ooo  square  miles  in  fee  simple  (240,000  hect&reas,  or 
600,000  acres).  Large  estates  of  this  character  are  the  rule  in 
Patagonia  and  in  many  districts  are  an  economic  necessity, 
because  the  water  is  so  distributed  that  the  lands  can  not  be 
utilized  in  small  properties. 

All  about  the  basin  of  Lago  Carilaufquen  and  its  tributary 
valle3rs  toward  the  north,  west,  and  south  extend  the  high  pla- 
teaus of  western  Rio  Negro,  at  elevations  of  1,200  to  1,600  meters 
above  sea,  with  peaks  that  rise  from  1,800  to  2,000  meters.  A 
central  geographic  point  is  Anec6n  Grande,  the  volcanic  peak  in 
longitude  70%  latitude  41®  25'  (elevation  2,008  meters).  From  this 
point  the  Arroyo  Guagud  Niyeu  flows  eastward  to  Lago  Carilauf- 
quen, a  niunber  of  streams  flow  southward  to  the  Rio  Chubut, 
and  others  flow  northward  to  the  Limay. 

A  distinct  section  of  the  high  plateau  extends  southwestward 
in  a  broad  belt  parallel  to  the  Rio  Limay  and  southeast  of  its 
valley  from  a  point  near  the  jimction  of  the  Limay  and  Neuqu^ 
to  the  southern  limit  of  the  territory,  in  latitude  42^,  where  it 
falls  away  toward  the  Rio  Chubut.  An  Lidian  name  by  which 
this  plateau  region  was  formerly  known  is  Huincul  Mapu.  It  is 
said  to  mean  the  place  or  range  with  passes  and  is  very  descrip- 
tive of  the  character  of  the  plateau,  which  is  a  broad  elevated 
plain  surmoimted  by  moimtain  peaks  distributed  singly  or  in 
groups  over  its  surface  and  is  easily  traversed  in  various  direc- 
tions by  the  many  passes  that  lie  between  the  hills.  It*^  is  in  part 
a  plain  of  erosion  cut  upon  metamorphosed  rocks, 'granite,  or 
rhyolite  and  in  part  corresponds  with  the  surface  of  extensive 
lava  flows.  The  plain  and  the  lower  slopes  of^the  hills  in  general 
are  made  up  of  metamorphic  or  granitoid  Pocks,  the  upper  part 
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of  the  hills  is  formed  of  a  thin  sequence  of  sedimentary  strata, 
and  the  snromit  is  capped  by  lavas.  The  springs  of  the  region 
all  issue  from  the  bases  of  the  lava  caps.  Many  of  them  are 
scanty  in  volume,  the  catchment  areas  being  small.  This  de- 
scription applies  especially  to  that  portion  of  the  plateau  which 
extends  parallel  to  and  southeast  of  the  Rio  Limay,  between 
latitudes  38^  30'  and  41^,  and  which  may  be  crossed  on  the  route 
from  Cabo  Alarc6n,  on  the  Limay,  southeastward  past  El  Cuy 
to  Sierra  Colorada,  on  the  San  Antonio  Railroad.  Northeast  of 
this  traverse  red  sandstones  form  a  conspicuous  feature  of  the 
slope  toward  the  Limay  and  Rio  Negro;  toward  the  southwest 
the  older  metamorphic  and  granitoid  rocks  occupy  extensive 
areas. 

The  ncHthwestem  section  of  the  high  plateaus  which  have  thus 
been  described  falls  off  toward  the  southwest  as  it  approaches 
Lago  Nahud  Huapf  and  is  deeply  cut  by  the  valleys  of  the 
Arroyo  Pilcaniyeu  and  the  Rio  Pichileufu.  The  latter  separates 
it  from  the  Andes.  Along  its  southeast  side  the  plateau  is  de- 
fined by  escarpments  which  overlook  the  valley  of  the  Guaguel 
Niyeu  and  the  headwaters  of  the  Arroyo  Cumallo.  The  former 
stream  flows  eastward  to  the  basin  of  Lago  Carilauf quen,  and  the 
latter  northward  across  the  high  plateau  to  the  Limay. 

Both  the  Guaguel  Niyeu  and  the  Cumallo  head  in  Anec6n 
Grande,  the  high,  conspicuous  peak  which  lies  on  the  divide 
between  the  Rio  Limay  and  the  Rio  Chubut  and  from  which  a 
wide  area  of  high  plateaus  extends  southward  and  southeastward. 
From  the  simunit  of  Anec6n  Grande  the  view  extends  to  a  dis- 
tant horizon  line,  broken  here  and  there  by  high  peaks  and  mesas 
or,  toward  the  west,  by  the  snowy  smnmits  of  the  Andes.  From 
the  base  of  the  peak  itself  spread  grassy  plateaus  across  which 
the  rivulets  trace  meandering  lines  of  green  meadow  until  they 
sink  between  black  walls  into  deep  canyons.    Large  herds  of 
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guanaco  range  over  these  heights.  The  eastern  extension  of 
this  plateau  reaches  far  to  the  south  of  Maquinchao.  South- 
ward the  slope  descends  toward  the  Chubut,  but  the  streams  are 
lost  underground  or  evaporate  from  lakes  without  outlet  before 
reaching  that  river.  The  Rio  Chico  is  the  only  exception;  it 
receives  a  small  tributary  from  the  southwest  slope  of  Anec6n 
Grande  but  gathers  most  of  its  waters  from  the  Andes,  is  a 
relatively  large  stream,  and  maintains  its  flow  to  Fofocahud, 
where  it  joins  the  Chubut.  One  of  the  headwaters  of  the  Rio 
Chico  is  the  Arroyo  Las  Bayas,  which  heads  in  the  eastern  foot- 
hills of  the  Andes  and  also  receives  from  the  north  several  tribu- 
taries that  rise  in  the  low  divide  between  their  valleys  and  those 
of  the  Pilcaniyeu  and  the  Pichileufu. 

This  southern  section  of  the  high  plateaus,  of  which  Anec6n 
Grande  is  the  dominant  peak,  is  separated  from  the  northwest- 
em  section  by  a  low  pass  between  the  Cumallo  and  the  Las 
Bayas.  The  old  Indian  trails,  the  routes  of  explorers  following 
them,  and  the  lines  of  modem  roads  and  railroads  lie  through 
this  pass,  which,  on  accoimt  of  the  easy  access  that  it  affords 
for  all  movement  from  north  to  south,  is  a  dominant  featiure  in 
the  region.  It  appears  to  have  no  name,  but  we  shall  speak  of  it 
as  the  Cumallo  Pass,  since  it  lies  at  the  head  of  the  well-known 
Arroyo  Cumallo. 

The  district  of  the  high  plateaus  is  separated  from  the  Andes 
by  a  depression  which  is  followed  by  the  valleys  of  several  streams. 
The  Limay,  the  Pichileufu,  and  the  headwaters  of  the  Las  Bayas 
are  those  which  intervene  between  the  plateaus  and  the  great 
Cordillera  in  this  latitude. 
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San  Antonio  and  Lago  Nahuel  Huapi  Railroad 
Inception  and  Progress 

The  southern  section  of  the  Territory  of  Rio  Negro,  between 
the  Rio  Negro  and  the  forty-second  parallel  of  south  latitude, 
is  traversed  by  an  old  route  which  was  xised  by  the  aborigines 
in  their  journeys  from  the  Andes  to  the  coast  and  appears  to 
have  been  followed  pretty  closely  by  the  explorer  Musters,  who 
went  westward  across  the  Territory  in  1870.  It  was  also  known  to 
Dr.  Francisco  P.  Moreno  in  1879  and  1880.  Attention  was 
therefore  directed  to  this  route  when  the  question  of  developing 
Patagonia  by  railroads  was  proposed  some  seven  years  ago  by 
Ramos-Mezfa,  then  Minister  of  Agriculture. 

On  the  Atlantic  coast,  at  one  end  of  this  old  route,  is  the  Bay 
of  San  Antonio,  an  excellent  port,  and  in  the  Cordillera,  at  the 
other  end,  is  Lago  Nahuel  Huapf,  a  lake  of  great  beauty  and  of 
historic  interest,  for  it  was  known  to  the  Spanish  conquerors  of 
Chile  in  the  middle  of  the  sixteenth  century  and  was  the  site  of 
a  Jesuit  mission  that  was  destroyed  by  the  Indians  in  1717. 
From  these  geographic  and  historic  relations  sprang  the  sugges- 
tion, originally  made  by  Moreno  and  adopted  by  the  Government 
commission  which  laid  out  the  Patagonian  railroads,  that  a  line 
should  be  built  from  the  bay  to  the  lake.  The  report  of  the 
commission  was  enacted  into  law,  and  the  project  of  the  national 
Patagonian  railroad,  the  Ferrocarril  de  San  Antonio  al  Lago 
Nahuel  Huapf,  became  an  important  feature  in  the  policy  of 
territorial  development. 

The  geography  of  the  region  to  be  traversed  by  the  proposed 
line  was  known  only  from  reconnaissance  surveys.  As  already 
mentioned,  northern  Patagonia  had  been  traversed  by  several 
explorers,  among  them  Musters  and  Moreno.  The  military 
expedition  imder  General  Roca,  which  destroyed  the  power  of 
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the  Indians,  had  obtained  additional  information  concerning  the 
region  and  had  led  to  Government  grants  of  land  in  the  more 
desirable  sections  of  the  western  plateau  area  and  in  the  foot-hills 
of  the  Andes.  EngUsh  capitalists  connected  with  the  Ferroca- 
rril  Sud  had  employed  a  Welshman  from  the  colony  of  Chubut 
to  explore  the  coimtry  and  locate  lands  to  which  they  had  ob- 
tained concessions  and  which  have  since  become  the  properties 
of  the  Rio  Negro,  Argentine  Southern,  and  Port  Madryn  land 
companies.  Ram6n  de  Guerrera  had  made  a  topographic  recon- 
naissance of  the  western  portion  of  the  territory  of  Rio  Negro, 
southeast  of  the  Rio  Limay,  and  his  map  gave  a  good  general 
idea  of  the  principal  drainage  lines  and  plateaus  of  that  region. 
The  colony  of  Valcheta  had  been  located  on  the  Arroyo  Valcheta 
about  1890.  Nomadic  herds  and  their  owners  occupied  the  land. 
Thus  in  a  general  way  it  may  be  said  that  northern  Patagonia 
was  known,  but  the  knowledge  was  of  a  character  to  be  of  but 
little  service  in  projecting  the  railroad  route  and  was  quite  inad- 
equate for  an  estimate  of  the  future  population  to  be  served  or 
the  futiure  traffic  to  be  carried  by  the  line. 

Under  these  conditions  a  Government  commission  made  a 
rapid  exploration  from  San  Antonio  westward,  following  the  old 
wagon  road  which  led  by  way  of  Valcheta,  Corral  Chico,  Ma- 
quinchao,  Huanuluan,  and  Pilcaniyeu  to  Lago  Nahuel  Huapf. 
The  report  of  this  commission,  recommending  the  construction 
of  the  first  100  kilometers  between  San  Antonio  Oeste  and  Val- 
cheta, was  presented  to  the  general  Government  in  August,  1909, 
and  approved  inmiediatdy  afterward.  Work  was  begun  in  1910 
while  siurveys  were  being  extended  west  of  Valcheta,  and  in 
three  and  one-half  years  385  kilometers  of  railway  have  been 
built  to  Maquinchao  and  put  into  operation. 

The  difficulties  of  the  initial  construction  were  very  serious, 
on  accoimt  of  the  lack  of  water  at  San  Antonio.    The  Atlantic 
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terminus  is  located  upon  an  arid  coast  where  there  are  no  run- 
ning streams  and  the  water  in  wells  is  generally  brackish.  Rain- 
water caught  in  tanks  and  water  of  fair  quality  obtained  by 
pumping  from  driven  wells  in  the  sand-hills  along  the  coast  were 
the  only  resources  for  all  uses,  including  that  of  locomotives, 
imtil  the  railroad  reached  the  Aguada  Cedlio,  86  kilometers, 
and  the  Arroyo  Valcheta,  109  kilometers  from  the  port.  The 
director  of  construction,  Don  Guido  Jacobacd,  and  the  sub- 
director,  Don  Carlos  Brebbia,  both  Italian  engineers,  overcame 
these  difficulties  with  patient  persistence  and  skill.  In  building 
the  line  they  were  obliged  to  follow  very  closely  the  preliminary 
siurvey,  which  had  been  rapidly  staked  out  on  a  feasible  route 
but  not  siurveyed  with  sufficient  care  to  determine  the  best 
possible  location.  It  has  since  been  recognized  that  had  these 
engineers  been  allowed  a  more  adequate  opportunity  to  study 
the  groimd  they  might  have  foimd  a  shorter  line,  which  would 
have  avoided  some  heavy  grades.  But  railroads  in  Argentina 
have  been  constructed  chiefly  across  the  great  plains  of  the  cen- 
tral portion  of  the  coimtry,  and  the  authorities  in  Buenos  Aires 
failed  to  realize  that  the  Pampas  of  Rio  N^ro  present  difficulties 
requiring  more  thorough  siurveys.  In  the  United  States  also 
the  fact  that  the  western  plains  seemed  to  offer  little  or  no  dif- 
ficulty to  railroad  location  in  any  direction  led  to  the  establish- 
ment of  lines  with  imnecessarily  heavy  grades.  It  is  not  sur- 
prising that  the  error  should  have  been  repeated  in  a  region 
which  was  generally  supposed  to  be  an  extensive  plain.  The 
facts  that  the  San  Antonio  line  rises  215  meters  above  the  sea 
in  the  first  68  kilometers  and  that  it  quickly  enters  a  broken 
plateau  coimtry  should  have  served  as  a  warning  of  difficulties 
ahead,  but  it  was  not  imtil  the  more  rugged  region  of  western 
Rio  Negro  was  entered  that  the  necessity  for  thorough  explo- 
ration and  siurveys  was  fully  recogm*zed.    Construction  has 
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therefore  been  carried  forward  along  the  line  of  the  original  pre- 
liminary survey,  with  the  result  that  the  road  has  an  excellent 
alignment  but  reaches  maximum  grades  of  1.6  per  cent,  whereas, 
with  more  thorough  study,  grades  of  1.2  or  even  i  per  cent  might 
have  been  estabUshed.  The  road  has  the  English  broad  gage 
xised  on  all  Argentine  trunk  lines — 1,7  meters  (5  feet  6  inches). 
It  is  exceedingly  well  built,  all  the  construction  being  of  a  thor- 
oughly permanent  character.  The  policy  followed  in  this  re- 
spect differs  from  that  of  many  North  American  roads  pro- 
jected in  similar  imdevdoped  r^ons,  where  the  practice  is  to 
push  the  construction  forward  as  rapidly  and  as  cheaply  as  pos- 
sible, with  a  view  to  securing  traffic  and  obtaining  some  return 
upon  the  investment  at  the  earliest  possible  date.  Had  that 
policy  controlled  the  construction  of  the  San  Antonio  line,  it 
would  have  been  extended  at  least  100  kilometers  farther,  or 
possibly  even  to  Lago  Nahud  Huapf,  in  1913.  But  European 
standards  of  engineering  practice  and  the  conditions  of  Argentine 
administration  did  not  permit  temporary  construction  or  rapid 
progress.  The  road  is  therefore  thoroughly  well  built  but  has  . 
been  longer  in  reaching  the  more  productive  regions  of  the 
coimtry  which  it  is  proposed  to  develop. 

At  the  dose  of  1913  trains  were  running  to  Maquinchao, 
385  kilometers  west  of  San  Antonio,  and  construction  was  in 
progress  toward  Huanuluan.  The  line  to  that  point,  100  kilo- 
meters beyond  Maquinchao,  was  easy  to  build,  the  valleys  being 
flat  From  Huanuluan  to  Nahud  Huapf  the  route  crosses  the 
high  plateaus,  traversing  141  kilometers  of  more  difficult  loca- 
tion. The  conditions  which  led  to  the  resignation,  in  July,  1913, 
of  the  Minister  of  Public  Works,  Don  Ezequid  Ramos-Mexfa, 
and  the  appointment  of  his  successor,  Don  Carlos  Meyer-Pelle- 
grini, temporarily  checked,  but  has  not  long  delayed,  the  comple- 
tion of  this  important  work. 
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Trunk  Line  and  Branches 

The  trunk  line  of  the  San  Antonio  and  Nahuel  Hnapl  Rail- 
road is  626  kilometers  long  from  the  eastern  terminus,  the  port 
of  San  Antonio  Oeste,  on  the  Bay  of  San  Antonio,  to  Lago 
Nahuel  Huapi,  or  630  kilometers  long  to  the  western  terminus, 
Nahuel  Huapi  City,  at  the  outlet  of  the  lake.  The  road  was 
projected  to  develop  the  territory  of  Rio  Negro,  and  this  route 
was  chosen  because,  in  addition  to  being  an  old  route  of  explora- 
tion, it  lies  midway  between  two  other  obvious. trans- Argentine 
routes,  those  of  the  valleys  of  the  Rio  Negro  and  the  Rio  Chubut 
The  railway  could  not  have  been  located  farther  north  without 
approaching  too  near  to  the  valley  of  the  Rio  Negro  and  passing 
through  the  very  arid  Bajo  del  Gualicho,  nor  could  it  have  been 
located  farther  south  because  of  the  high  plateaus  which  stretch 
from  east  to  west  in  the  southern  portion  of  the  territory.  Its 
position  was  therefore  determined  by  topographic  conditions 
which  had  governed  the  establishment  of  the  old  road  that  it 
followed;  and  to  these  is  added  the  fact  that  the  line  traverses 
the  zone  in  which  the  water  supply  is  most  readily  available 
and  can  best  be  utilized  for  the  settlement  of  population. 

The  trunk  line  naturally  f aUs  into  several  sections  correspond- 
ing with  geographic  districts.  In  the  section  from  San  Antonio 
to  Valcheta,  the  first  100  kilometers,  the  line  runs  across  the 
high  coastal  plain,  where  permanent  settlements  must  be  few 
on  accoimt  of  the  lack  of  water.  The  second  section,  no  kilo- 
meters long,  extends  from  Valcheta  to  Corral  Chico  through  the 
Bajo  de  Valcheta,  where,  by  utilizing  the  Arroyos  Valcheta, 
Nahuel  Niyeu,  and  Yamintia,  agricultiure  may  be  developed  and 
a  resident  population  established.  The  possibilities  of  the  region 
from  Corral  Chico  to  Maquinchao,  a  distance  of  170  kilometers, 
are  restricted  to  grazing,  and  the  settlements  can  not  be  more 
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than  scattered  ranch-hotises.  At  380  kilometers  west  of  San 
Antonio  the  road  enters  the  district  of  the  interior  valleys  of 
Maquinchao,  Quetriquile,  and  the  Arroyo  Gnaguel  Niyeu,  all 
of  which  are  capable  of  development  as  irrigation  districts  and 
will  eventually  support  an  agricultural  population.  Extensive 
grazing  areas  are  also  tributary  to  this  central  section,  which 
extends  to  Huanuluan,  480  kilometers  west  of  San  Antonio. 
Beyond  Huanuluan  the  route  runs  across  the  high  plateau  coim- 
try  and  is  located  chiefly  in  narrow,  tortuous  valleys,  among 
hills  and  plateaus  favorably  conditioned  for  grazing.  Agricul- 
ture can  be  developed  only  as  an  auxiliary  industry  in  small 
areas  of  valley  lands,  but  in  the  valley  of  Pilcaniyeu  the  oppor- 
tunities for  irrigation  are  again  excellent.  Beyond  the  Pilcaniyeu 
district  the  line  crosses  the  Pichileufu  and  the  hills  and  valleys 
of  San  Ram6n  to  Lago  Nahuel  Huapf . 

It  may  be  seen  from  this  sketch  of  the  route  that  the  tnmk 
line  passes  through  a  coimtry  whose  resoiurces  are  chiefly  pas- 
toral and  in  which  the  local  traffic  will  be  derived  from  the  graz- 
ing and  irrigation  districts.  The  freight  will  consist  of  wool, 
meat,  hides,  bones,  and  alfalfa  or  other  hay  suitable  for  sheep 
and  cattle.  It  is  not  a  traffic  which  in  itself  would  justify  the 
construction  of  the  railroad  as  a  business  enterprise.  This  fact 
was  well  imderstood  before  the  road  was  begun,  but  it  was  argued 
that  the  national  interest  in  the  development  of  the  coimtry 
justified  the  Government  in  imdertaking  the  construction  where 
private  capital  would  not  have  foimd  sufficient  profit  in  the 
enterprise. 

At  its  west  end  the  trunk  line  touches  a  very  different  coim- 
try, the  lake  and  valley  region  of  the  Andes,  where  all  the  con- 
ditions are  distinctly  favorable  to  the  establishment  of  a  numerous 
and  vigorous  population.  In  opening  this  region  to  communi- 
cation with  the  rest  of  Argentina  the  construction  of  the  railroad 
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finds  ample  justification.  The  tenninus  of  the  road  at  Lago 
Nahud  Hnapf ,  the  proposed  dty  of  Nahuel  Huapf ,  is  designed 
to  become  a  manufacturing  center  for  the  production  of  goods 
required  by  the  agricultural  populations  of  the  northern  prov- 
inces. The  products  which  will  there  be  manufactured  from 
the  raw  materials  of  the  region  will  be  transported  over  the 
trunk  line  to  San  Antonio,  for  shipment  by  connecting  lines 
or  by  water  to  Bahia  Blanca,  Buenos  Aires,  Rosario,  and  Santa 
Fe,  the  principal  centers  of  distribution  in  Argentina.  Thus 
the  trunk  line  will  imite  the  manufacturing  center  with  the 
markets. 

In  the  Andes,  both  north  and  south  of  Lago  Nahuel  Huapf, 
there  are  agricultural  valleys  and  centers  of  population  and  an 
extensive  area  suitable  for  cattle-raising  and  dairying,  all  of  which 
will  find  a  traffic  outlet  over  the  trunk  line  to  San  Antonio.  In 
order  that  the  products  of  these  areas  may  reach  that  line,  how- 
ever, it  will  be  necessary  to  construct  branches  that  will  diverge 
from  the  main  line  at  several  jimction  points. 

Marilaufquen,  a  point  400  kilometers  west  of  San  Antonio, 
is  the  first  of  these  jimction  points.  It  is  situated  in  the  western 
section  of  the  estanda  of  Maquinchao,  near  the  point  where  the 
Arroyo  Quetriquile  enters  the  Maquinchao,  and  the  branch  line 
is  designed  to  proceed  southwestward  up  the  Quetriquile  valley 
to  its  head,  and  thence  across  the  plateaus  south  of  Anec6n 
Grande  to  the  Rio  Chico  and  Fofocahuel.  In  the  Quetriquile 
valley  the  route  traverses  a  district  favorably  situated  for  irri- 
gation. The  plateau  region  south  of  Anec6n  Grande  is  a  good 
grazing  coimtry,  in  part  well  watered  but  in  part  arid.  The 
siurveys  for  a  topographic  map  of  that  region  have  yet  to  be 
made,  and  the  coimtry  is  well  known  only  along  the  line  of  the 
road  which  runs  from  Maquinchao  to  Fof ocahud  and  which  the 
proposed  branch  railway  would  dosdy  follow.    Probably  one- 
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third  of  the  route,  or  about  80  kflometers,  lies  in  a  region  where 
water  is  too  scarce  for  the  permanent  maintenance  of  flocks. 
Along  the  other  two-thirds  water  is  available  at  springs  and 
rivulets  which  run  the  year  aroimd  and  are  sufficiently  numerous 
to  maintain  stock.  At  Fofocahuel  the  route  touches  the  Rio 
Chubut  at  a  point  where  the  valley  is  broad  and  fertile  and  can 
be  made  productive  through  the  application  of  water  by  irrigat- 
ing canals.  The  locaHty  is  in  the  immediate  foot-hills  of  the 
Andes  and  is  very  favorably  suited  for  the  development  of  a 
prosperous  agricultural  commimity.  Beyond  Fofocahuel  lie  the 
foot-hills  and  valleys  of  the  Andes,  which  will  become  tributary 
to  the  San  Antonio  trunk  line  on  the  construction  of  this  branch, 
the  route  of  which  presents  no  serious  difficulties. 

The  next  jimction  point  west  of  Marilaufquen  would  be 
between  550  and  580  kilometers  west  of  San  Antonio,  in  the  val- 
ley of  the  Cumallo  or  at  Pilcaniyeu,  as  future  siurveys  of  a  north- 
em  branch  might  determine.  The  branch  from  this  point  would 
extend  northward  to  the  Limay,  either  down  the  Cumallo  or 
through  the  plateau  region  west  of  that  stream,  with  the  ptupose 
of  reaching  the  jimction  of  the  Limay  and  Colloncur&  rivers  and 
of  proceeding  up  the  Colloncur&  to  San  Martin  de  los  Andes  and 
points  farther  north  in  the  valley  of  the  Alimiin6.  At  its  northern 
extremity  this  branch  would  enter  the  territory  already  being 
occupied  by  the  Ferrocarril  Sud,  and  would  connect  with  that 
railway  system  at  Jimfn  de  los  Andes,  or  at  some  other  point 
in  the  territory  of  Neuqudn.  At  San  Martin  it  would  connect 
with  the  Cordilleran  branch,  from  which  a  trans-Andean  road  to 
Chile  will  eventually  be  constructed.  The  length  of  this  northem 
branch  line  from  the  Cumallo  crossing  to  San  Martin  can  only  be 
estimated,  as  it  has  never  been  surveyed.  No  good  topographic 
maps  of  the  region  to  be  traversed  are  available,  but  if  the  route 
should  extend  down  the  Cumallo  to  the  Rio  limay,  by  the  limay 
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to  the  mouth  of  the  CoUoncurd,  up  the  Colloncurd  to  the  Rio 
Chimehuln,  and  by  that  stream  to  San  Martin,  the  distance 
from  San  Antonio  to  San  Martin  would  be  about  775  kilometers, 
allowing  for  the  ciurves  in  the  road.  The  object  of  this  branch 
would  be  to  connect  the  port  of  San  Antonio  with  the  valley  of 
the  Colloncur&  and  all  its  tributary  districts.  It  is  a  line  which 
has  been  lurged  by  Dr.  Francisco  P.  Moreno  as  one  that  would 
give  a  desirable  eastern  outlet  for  the  products  of  a  rich  section 
of  the  coimtry.  It  would  lead  to  one  of  the  best  passes  through 
the  Andes.  In  case  San  Martin  de  los  Andes  should,  through  the 
development  of  the  available  water-powers  in  that  region  and  on 
accoimt  of  its  position  on  a  northern  trans-Andean  line,  become 
an  important  manufacturing  center,  the  construction  of  the 
Cumallo-CoUoncurd  branch  of  the  San  Antonio  railroad  would 
be  very  desirable  as  affording  an  outlet  to  the  Atlantic  through 
San  Antonio,  in  addition  to  that  which  would  imdoubtedly  be 
constructed  by  the  Ferrocarril  Sud  to  connect  San  Martin  with 
BahiaBlanca. 

Elsewhere  in  this  report  will  be  foimd  a  discussion  of  the 
industrial  dty  of  Nahuel  Huapi,  which  it  is  proposed  to  establish 
at  the  outlet  of  the  great  lake.  Several  branches  of  the  San 
Antonio  road  should  imite  at  that  point.  The  first  is  a  route 
from  the  south  which  should  bring  the  products  of  the  southern 
Pampas  to  the  industrial  dty.  It  would  connect  Nahuel  Huapi 
with  Fofocahud  and  with  the  proposed  southern  line  along  the 
front  of  the  Andes,  extending  to  the  oil-fields  of  Comodoro 
Rivadavia. 

Two  feasible  routes  have  been  suggested,  one  leaving  the 
main  line  on  the  divide  west  of  the  Pichileufu  and  extending,  by 
valleys  and  passes  dose  to  the  foot  of  the  Andes,  to  the  Arroyo 
Norquinco  and  thus  to  Fofocahud,  and  the  other  striking  off 
from  Pilcaniyeu  and  keeping  eastward  beyond  the  Rio  Chico, 
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where  it  would  join  the  line  from  Maqninchao  to  Fofocahuel. 
Neither  of  these  routes  has  been  surveyed  and  the  question  as 
to  which  would  give  the  more  advantageous  grades  or  the  better 
line  has  yet  to  be  determined.  The  connection  is,  however,  an 
essential  one,  in  view  of  the  traffic  that  will  imdoubtedly  develop 
between  the  southern  Territories,  the  industrial  dty  of  Nahud 
Huapi,  and  Valdivia,  on  the  Pacific. 

Two  branches  within  the  Cordillera  are  proposed.  One  runs 
southward  from  Lago  Nahuel  Huapf  to  Esguel,  the  principal 
town  in  the  colony  of  16  de  Octubre.  The  route  has  been 
topographically  siurveyed  and  is  312.5  kilometers  in  length.  It 
passes  through  the  central  longitudinal  valley  of  the  Andes, 
through  a  moimtainous  coimtry  which  presents  difficulties  that 
would  make  the  cost  of  construction  for  a  broad-gage  standard 
raibroad  imeconomical.  The  route  is  better  suited  to  an  electric 
line,  and  it  is  believed  that  such  a  line  could  carry  all  the  traffic 
that  would  be  produced  in  the  development  of  the  region.  The 
object  of  the  railroad  would  be  to  provide  an  outlet  for  the  agri- 
cultural produce,  the  timber,  and  the  manufactured  products 
of  the  Andes,  to  establish  easy  commimication  between  the 
passes  along  the  boimdary  with  Chile  as  a  feature  of  national 
defense  and  police  protection,  and  to  open  the  beautiful  scenery 
of  this  region  of  lakes  and  snow  peaks  to  tourist  travel.  At 
present  the  valle3rs  are  occupied  by  Chilean  squatters  and  the 
moimtain  slopes  are  ranged  by  their  herds  of  cattle.  Argendne 
authority  over  this  region  can  be  firmly  established  only  by 
bringing  it  into  easy  commimication  with  Lago  Nahuel  Huapf 
and  the  east.  Under  the  existing  conditions  the  more  practi- 
cable routes  of  travel  from  the  region  lead  westward,  to  the 
Chilean  side  of  the  boimdary. 

A  northern  branch  of  the  San  Antonio  railroad  within  the 
Cordillera  would  lead  to  San  Martin  de  los  Andes  and  also  to 
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the  pass  of  the  Cajon  Negro  or  one  near  it,  by  which  the  line 
might  be  extended  across  the  Andes  to  Valdivia.  From  the  site 
of  the  industrial  dty  at  the  outlet  of  Lago  Nahud  Huapf  this 
northern  branch  would  extend  along  the  northern  shore  of  that 
lake  to  Lago  Correntoso,  one  of  the  tributaries,  and  northward 
to  the  upper  valleys  of  the  Rio  Traful  S)rstem,  from  which  it  would 
continue  to  Lago  ViUsuino  through  a  low  pass,  Paso  Escondido. 
Before  reaching  this  pass  or  at  it  the  trans-Andean  line  would 
diverge  toward  the  west  and  the  line  to  San  Martin  toward  the 
north. 

The  trans-Andean  branch  would  attain  the  continental  di- 
vide in  the  crest  of  the  Andes  a  short  distance  west  of  the  point 
of  divergence  just  mentioned.  There  are  two  practicable  passes 
across  the  divide,  one  south  of  Cerro  Penascoso,  at  the  head  of  a 
branch  of  the  Traful,  and  the  other  north  of  Cerro  Pefiascoso — 
the  Paso  Cajon  Negro,  above  Lago  Villarino.  Attention  was 
first  directed  to  the  latter  pass,  but  the  preliminary  siurveys  showed 
that  the  former  should  also  be  studied  to  determine  which  is  the 
better  route.  By  either  pass  the  railroad  could  cross  the  Andes 
to  Chile  through  a  tunnel  about  1.5  kilometers  long  at  an  ele- 
vation of  1,150  or  1,200  meters  above  the  sea.  The  line  would 
descend  on  the  Chilean  side  by  the  valley  of  the  Rio  Ru- 
pumeica  to  Lago  Ranco  and  thence  extend  to  Valdivia.  The 
Chilean  slope  of  the  Cordillera  in  this  vicinity  has  not  been 
surveyed.  It  is  steep  and  the  location  of  a  route  having  satis- 
factory grades  for  the  proposed  freight-carrying  railroad  may 
be  diffictdt. 

The  route  of  the  northern  Cordilleran  branch  from  the  Paso 
Escondido  to  San  Martin  and  Junin  de  los  Andes  has  been  sur- 
veyed from  Lago  Villarino  through  the  VaJle  Hermoso  and  the 
Paso  de  Pilpil  to  the  Vega  de  Maipu,  east  of  San  Martin,  whence 
the  further  extension  of  the  line  to  JunIn  and  the  headwaters  of 
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the  Colloiicur&  would  offer  no  difficulties.  The  village  of  San 
Martin  de  los  Andes,  situated  at  the  head  of  Lago  Lacar  at  an 
altitude  of  650  meters,  is  150  meters  below  the  Vega  de  Maipu 
and  the  grade  between  the  two  points  is  too  steep  to  permit  the 
construction  of  an  ordinary  railroad.  San  Martin  itself  must 
be  reached  by  a  cog-wheel  or  cable  line.  The  station  of  the 
railroad  wotdd  therefore  be  at  the  east  end  of  the  Vega  de  Maipu, 
where  the  route  descends  from  the  Paso  de  Pilpil,  at  a  point 
where  the  trans- Andean  line  to  Chile  would  diverge  from  the 
continuation  of  the  northern  branch  to  Jimfn.  A  trans-Andean 
line,  quite  distinct  from  that  which  has  been  described  as  diver- 
ging through  the  Paso  Cajon  Negro,  may  here  have  a  jimction 
with  the  Cordilleran  railroad.  It  is  known  as  the  proposed 
''Transandino  de  San  Martin''  and  would  extend  westward 
north  of  the  Vega  de  Maipu  through  the  Llanos  de  Tromptd, 
where  the  elevation  is  about  1,000  meters  above  the  sea,  whence 
it  would  descend  on  a  grade  of  1.5  per  cent  to  the  west  end  of 
Lago  Lacar.  Thence  it  would  continue  down  the  Rio  Huahum 
to  Lago  Perihueico  and  past  Lago  Rifiihue  to  Valdivia. 

Through  the  construction  of  this  trans- Andean  line  and  of  the 
other  branches  mentioned,  connecting  San  Martin  de  los  Andes 
with  Nahud  Huapf,  with  Junin,  and  with  San  Antonio  by  way 
of  the  Cumallo,  the  Vega  de  Maipu  above  San  Martin  wotdd  be- 
come an  important  center  of  the  railroad  systems  of  northern 
Patagonia. 

The  San  Antonio  System  and  Competing  Lines 

In  the  preceding  paragraphs  the  San  Antonio  system  has 
been  described  as  a  trunk  line  connecting  the  Atlantic  port  of 
San  Antonio  with  the  proposed  manufacturing  dty  of  Nahud 
Huapl,  as  well  as  with  that  part  of  the  northern  Pampas  and  of 
the  Andes  within  reach  of  the  several  branches  whose  routes  have 
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been  sketched.  The  object  of  the  line  is  to  concentrate  at  San 
Antonio  the  products  of  the  tributary  region,  and  under  economic 
laws  the  territory  which  may  thus  be  advantageously  developed 
is  limited  to  that  which  can  be  most  advantageously  served  by 
the  trunk  line  and  its  branches.  On  the  north  lies  the  competing 
system  of  the  Ferrocarril  Sud,  whose  outlet  is  the  port  of  Bahia 
Blanca  on  the  Atlantic.  A  well-equipped  road  with  easy  grades 
extends  from  Bahia  Blanca  to  Neuqu6n  and  is  being  continued 
westward  beyond  Neuqu6n  for  the  purpose  of  striking  the  port 
of  Concepci6n,  on  the  Pacific.  Connection  will  imdoubtedly 
be  made  with  Jimfn  and  San  Martin  de  los  Andes,  and  when 
Nahuel  Huapf  shall  assume  the  importance  which  it  is  expected 
to  have,  the  Ferrocarril  Sud  will  have  reason  to  build  a  line  to 
that  dty  up  the  valley  of  the  Rio  Limay. 

On  the  south  of  the  San  Antonio  system  is  the  Chubut  val- 
ley, where  an  English  company  already  has  a  short  railroad 
extending  from  Puerto  Madryn  to  Trelew.  A  concession  is 
being  sought,  and  for  the  best  development  of  the  coimtry  should 
eventually  be  granted,  to  continue  this  line  westward  up  the 
valley  of  the  Chubut  to  Paso  de  los  Indios  and  thence  westward 
to  the  Andes,  where  its  natural  terminus  wotdd  be  the  town  of 
Esguel,  in  the  colony  of  i6  de  Octubre.  To  reach  that  point 
it  wotdd  cross  the  national  railroad  line  which  is  projected  to 
extend  southward  from  Fofocahuel  up  the  Rio  Tecka  and 
across  the  territory  of  Chubut  to  Comodoro  Rivadavia  on  the 
Atlantic. 

In  order  that  the  magnitude  of  the  San  Antonio  system  may 
be  made  clear  and  its  relations  to  the  competing  lines  may  be 
evident,  the  following  tables  of  distances  by  the  main  line  and 
branches  and  by  competing  lines  are  presented: 
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DISTANCES  BY  THE  SAN  ANTONIO  AND  NAHUEL  HUAPI  RAIL- 
ROAD AND  BRANCHES 


Main  Line 

San  Antonio  Oeste  to  Lago  Nahuel  Huapi. 
San  Antonio  Oeste  to  Nahuel  Huapi  City. 
San  Antonio  Oeste  to  Bariloche 


Branches 

Fofocahuel  to  kil6metro  405  of  main  line  at  Marilauf- 
quen  (surveyed) 

San  Martin  de  los  Andes  via  Rio  Colloncuri  and  Arroyo 
Cumallo  to  kil6metro  525  of  main  line  at  Cumallo 
Junction  (estimated) 

Fofocahuel  to  Nahuel  Huapi  City,  route  not  determined; 
approximate  estimated  distance 


SOUTHERN  CORDILLESA  BBANCH 

Esguel  (16  de  Octubre)  to  Bariloche,  on  Lago  Nahuel 
Huapi,  at  kil6metro  638  from  San  Antonio;  prelim- 
inary line  surveyed 


NORTHERN  CORDILLERA  BRANCH 

Nahuel  Huapi  to  Escondido  Junction,  near  Lago  Villa- 


nno. 


Escondido  Jimction  to  San  Martin  de  los  Andes 

Nahuel  Huapi  to  San  Martin  de  los  Andes  via  Escon- 
dido Jimction 


Transcontinental  extension 

Escondido  Junction  to  Paso  Cajon  Negro,  on  the  Argen- 
tine boundary  with  Chile 

Paso  Cajon  Negro  to  Valdivia,  Chile  (Chilean  section 
estimated) 

San  Antonio,  on  the  Atlantic,  via  Nahuel  Huapi  City 
(630  kilometers),  Escondido  Junction  (105),  and  Cajon 
Negro  (25),  to  Valdivia,  on  the  Pacific  (150) 


Length  of 
Blanch 


180 

250 
225 

310 


80 

i8s 


25 
150 


III. 8 

155.2 
139.7 


192.5 


65.2 
49.7 

114. 9 


15.5 
93-1 


DbUnce 
to  San 
Antonio 


626 
630 
638 


585 


775 


948 


815 


910 


I 


388.7 
391.2 
396.2 


363.3 
481.3 


588.7 


506.1 


565-1 
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DISTANCES  BY  THE  SAN  ANTONIO  AND  NAHUEL  HUAPI  RAIL- 
ROAD AND  COMPETING  LINES 


Kilo- 
metea 

Mflei 

Nahud  Huapf  City  to  San  Antonio  via  San  Antonio  and 
Nahucl  Huanf  Railroad 

630 
1,000 

391.2 
621 

Nahud  Huapf  City  to  Bahia  Blanca  via  the  Limay  Valley, 
Neuqu6n,  and  the  Ferrocarril  Sud 

San  Martin  de  los  Andes  to  San  Antonio  via  Cumalio 
Junction 

775 
1,000 

481.3 
621 

San  Martin  to  Bahia  Blanca  via  the  CoUoncuri  and 
Timay  valle)rs  to  Neuqu6n  and  the  Ferrocarril  Sud 

Fofocahud  to  San  Antonio  via  Marilaufquen  (estimated). 
Fofocahud  to  Puerto  Madryn  (approximate  estimate) . . . 

Esgud  to  San  Antonio  via  Tecka,  Fofocahud,  and  Mari- 
laufauen  (aooroximate  estimate) 

585 
715 

363.3 
444.0 

800 
800 

496.8 
496.8 

Esgud  to  Puerto  Madr3m  via  Tecka  and  Paso  de  los 
Indios  faDnrozimate  estimate) , 

Valdivia  to  San  Antonio  via  Nahud  Huapf  City  (approx- 
imate estimate) t .......  r  r . 

910 

565.1 
760.7 

Valdivia  to  Bahia  Blanca  via  San  Martin  de  los  Andes 
(approximate  estimate) 

The  distance  by  the  trunk  line  from  Nahuel  Huapf  City  to 
San  Antonio  is  630  kilometers;  from  the  same  point  to  Bahia 
Blanca,  by  the  Limay  valley  and  the  Ferrocarril  Sud,  it  is  esti- 
mated to  be  1,000  kilometers.  From  San  Martin  de  los  Andes 
to  San  Antonio  the  distance  is  approximately  775  kilometers; 
from  San  Martin  to  Bahia  Blanca,  via  the  CoUoncurd  and  Limay 
valleys  and  the  Ferrocarril  Sud,  it  is  again  1,000  kilometers.  The 
estimated  distance  from  Fofocahud  via  Marilaufquen  to  San 
Antonio  is  585  kilometers,  whereas  from  the  same  point  to  Puerto 
Madryn  it  is  715  kilometers.  From  Esguel  to  San  Antonio, 
via  Fofocahud  and  Marilaufquen,  and  from  Esgud  to  Puerto 
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Madryn  via  Paso  de  los  Indios,  the  distance  over  each  route  is 
estimated  to  be  800  kilometers.  The  distance  from  Valdivia 
to  San  Antonio  via  the  Cajon  N^ro  Pass  and  Nahuel  Huapf 
City  is  approximately  910  kilometers,  or  from  Valdivia  to  San 
Antonio  via  San  Martin  and  the  Cumallo  branch  it  is  1,000 
kilometers,  whereas  from  Valdivia  to  Bahia  Blanca  via  San 
Martin  and  the  Ferrocarril  Sud  the  distance  is  about  1,225 
kilometers. 

Thus  by  each  of  these  routes  the  distance  to  San  Antonio  from 
Nahuel  Huapi  City,  San  Martin,  Fofocahuel,  or  Valdivia  is  ma- 
terially shorter  than  the  distance  from  the  same  points  either 
to  Bahia  Blanca  or  to  Puerto  Madryn.  Esguel  is  the  only  excep- 
tion to  the  general  rule,  appearing  to  be  equidistant  from  San 
Antonio  and  Madryn.  The  relatively  greater  accessibility  of 
San  Antonio  from  points  in  the  interior  and  from  the  Chilean 
port  of  Valdivia  is  thus  clearly  established. 

The  development  of  San  Antonio  as  a  shipping  and  import- 
ing point,  and  consequently  the  traffic  of  the  railroad,  will  be 
affected  not  only  by  relative  nearness  to  the  dties  of  the  Cor- 
dillera, but  also  by  distance  from  northern  ports  and  by  con- 
ditions at  the  harbor  itself.  Vessels  bound  for  southern  Argen- 
tine ports  have  approximately  250  knots  to  run  from  Cabo 
Corrientes,  on  the  coast  of  the  Province  of  Buenos  Aires,  to  Bahia 
Blanca,  525  knots  to  San  Antonio,  or  550  to  Puerto  Madryn. 
In  this  respect  Bahia  Blanca  has  the  advantage  of  one  day's 
water  carriage.  On  the  other  hand,  the  entrance  channel  to 
Puerto  Ingeniero  White,  the  port  of  Bahia  Blanca,  is  long  and 
narrow  as  compared  with  the  short  stretch  of  shallow  water  on 
the  bar  in  front  of  the  bay  of  San  Antonio.  To  reach  Bahia 
Blanca  a  vessel  must  ascend  a  narrow  estuary  to  25  miles  from 
the  ocean  and  then  enter  the  artificial  channel  5  miles  long  dredged 
to  23  feet.    The  anchorage  for  ships  unable  to  dock  is  limited 
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to  the  channel,  whereas  at  San  Antonio  there  is  abundant  space 
for  vessels  to  lie  in  security. 

Ordinarily  the  costs  of  maintaining  a  deep  channel  constitute 
a  charge  against  the  commerce  of  a  port,  but  in  regard  to  Bahia 
Blanca  this  is  only  partly  the  case,  for  the  Government  must 
maintain  a  deep-water  access  for  men-of-war  to  enter  the  naval 
station,  Puerto  Militar,  which  is  located  on  the  same  entrance 
channel.  The  depth  of  water  on  the  bar  off  San  Antonio  varies 
with  the  tide  from  4  to  8  meters.  In  order  that  the  harbor  may 
be  accessible  at  high  tide  for  vessels  drawing  more  than  8  meters, 
or  at  all  stages  of  the  tide  for  any  vessels  exceeding  4  meters  of 
draft,  dredging  will  be  necessary,  and  under  existing  conditions 
this  will  probably  also  be  done  by  the  National  Government. 
On  balancing  these  various  conditions  of  distances  and  entrances, 
the  two  harbors  may  be  considered  equally  accessible  to  com- 
merce; at  least  any  advantage  one  may  have  over  the  other  will 
be  unimportant  compared  with  the  existing  difference  in  docking 
facilities. 

At  Puerto  Ingeniero  White  modem  docks  have  been  built 
and  equipped  with  facilities  for  loading  and  unloading  ships. 
Grain  elevators  have  been  built  for  handling  the  wheat  that  is 
brought  by  the  various  converging  railways  from  the  rich  north- 
em  hinterland.  The  southern  and  northwestern  railroads  are 
interested  in  bxiilding  up  the  port  to  which  they  lead,  and  the 
influence  of  these  great  companies  and  the  interest  of  the  National 
Government  in  Puerto  Militar  will  strongly  promote  the  devel- 
opment already  seourely  established  and  growing  rapidly.  None 
of  these  conditions  now  exist  at  San  Antonio,  where  there  are  as 
yet  no  docks,  no  facilities  for  trans-shipping  cargoes,  nor  any 
interest  to  create  them,  except  that  of  the  National  Government, 
which,  in  order  to  complete  the  work  that  it  has  begun  must  fur- 
nish an  adequate  Atlantic  terminus  for  the  shortest  transconti- 
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nental  line.  It  must  establish  the  City  of  San  Antonio  in  the 
most  appropriate  site  by  building  the  docks  necessary  to  enable 
it  to  handle  the  traffic  that  the  railroad  will  bring. 

Local  Descriptigns 
Puerto  San  Antonio 

In  latitude  41^  the  eastern  coast  of  South  America  is  deeply 
indented  by  the  Gulf  of  San  Matfas,  which,  in  longitude  64^  30' 
west  of  Greenwich,  terminates  in  the  Bay  of  San  Antonio.  The 
shores  of  the  Gulf  of  San  Matfas  are  sea  cliffs  cut  in  horizontal 
strata  of  days  and  sands.  Toward  the  head  of  the  Gulf  two  long 
sand  spits  converge,  one  from  the  east,  the  other  from  the  west, 
and  inclose  the  bay.  The  eastern  spit,  Punta  Villarino,  is  a  high 
ridge  of  sand  dunes,  fronting  the  Atlantic.  It  is  broad  on  its 
west  end,  and  the  northern  shore  is  broken  by  the  tide-water 
lagoons.  The  western  spit,  Punta  Delgada,  is  lower  and  ter- 
minates in  a  sharp  point  5  kilometers  north  of  Punta  Villarino. 
A  long  bank  known  as  the  Banco  Reparo,  which  is  exposed  at 
low  water,  lies  south  of  Punta  Delgada  abreast  of  Punta  Villa- 
rino, from  which  it  is  separated  by  the  entrance  channel,  1,200 
meters  wide. 

Ships  approaching  the  Gutf  of  San  Matfas  from  the  Atlantic 
must  cross  a  bar  known  as  the  Banco  Palisa,  which  lies  7  to  8 
kilometers  south  of  Punta  Villarino.  There  are  two  channels 
across  the  bar,  one  on  each  side  of  a  central  shallow,  and  at  ex- 
treme low  tide  they  carry  a  minimum  depth  of  4  meters  of  water. 
Vessels  usually  wait  for  high  tide,  when  the  minimum  mean  depth 
of  the  bar  is  8.5  meters.  Having  crossed  it  they  pass  up  the 
deepening  channel  close  to  Punta  Villarino  and  come  to  anchor 
within  the  shelter  of  that  point,  off  its  northern  shore,  in  10  to 
25  meters  of  water.    They  are  there  protected  by  Punta  Villa- 
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rino  from  any  southeast  wind  and  by  the  Banco  Reparo  and  Punta 
Delgada  from  the  prevailing  northwest  winds. 

The  Bay  of  San  Antonio  extends  northeastward  beyond  the 
anchorage  where  ships  now  usually  lie,  and  widens  behind  the 
two  sand  spits  according  to  the  state  of  the  tide.  Except  for 
the  channels  scoured  by  tidal  currents,  its  bottom  is  very  flat. 
At  mean  low  tide  the  area  of  water  in  the  bay  is  21  square  kil- 
ometers (or  5,200  acres),  at  mean  high  tide  it  is  55  square  kil- 
ometers (or  13,600  acres),  and  at  maximum  high  tide  it  is  125 
square  kilometers  (or  30,100  acres).  In  measuring  these  areas 
the  mouth  of  the  bay  is  taken  as  represented  by  a  straight  line 
running  west  from  Punta  VOlarino  to  the  Banco  Reparo. 

The  mean  range  of  the  tides  is  4.5  meters  above  the  assumed 
datum,  or  zero,  and  the  maximum  tide  observed  is  9.22  meters 
above  zero,  whereas  the  minimum  is  0.15  below  zero.  This  great 
range  and  the  flatness  of  the  floor  of  the  bay  account  for  the  very 
large  area  which  is  alternately  submerged  and  exposed  with  the 
rise  and  fall  of  the  waters. 

The  movement  of  the  tidal  currents  is  the  most  important 
factor,  if  not  indeed  the  only  one,  in  producing  the  deep  chan- 
nels which  locally  characterize  the  bay.  Between  Punta  Del- 
gada and  the  Banca  Vibora  there  is  a  hollow  siurounded  by  the 
minus  5  meter  contour  and  having  a  maximum  depth  of  9  m^eters; 
north  of  Punta  Perdices  there  is  a  channel  10  meters  deep,  and 
off  Punta  Villarino  the  main  entrance  channel  has  a  depth  which 
exceeds  40  meters.  A  little  examination  of  the  relations  of  these 
deeper  channels  to  the  areas  which  are  submerged  by  the  rising 
tide  shows  that  the  depth  of  each  channel  is  related  to  the  volume 
of  the  waters  discharged  through  it  as  the  tide  falls,  the  width  of 
the  channel  being  taken  into  account.  This  is  as  we  should  ex- 
pect, for  the  bottom  of  the  bay  is  of  soft  sand  and  mud,  and  the 
channels  of  influx  and  efflux  of  the  waters  must  have  become 
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adjusted  in  cross  section  to  deliver  the  waters  that  gather  in  the 
bay  above  them.  The  total  volume  of  water  which  enters  and 
leaves  the  bay  alternately  every  six  hours  is  estimated  to  be 
approximately  75,000,000  cubic  meters.  By  directing  the 
movement  of  even  a  relatively  small  part  of  this  great  volume, 
the  channeb  may  be  so  modified  as  to  best  suit  the  convenience 
of  shipping  in  connection  with  the  railroad,  which  now  has  its 
terminus  at  San  Antonio  Oeste,  north  of  Punta  Delgada. 

The  ultimate  location  of  the  dty  of  San  Antonio  is  a  problem 
of  great  engineering  interest  and  one  of  vital  importance  in  the 
future  development  of  the  terminus,  which  must  compete  with 
Bahia  Blanca  and  Puerto  Madryn  for  the  traffic  of  the  interior. 
It  is  evident  from  the  wide  expanse  of  tide  flats  in  all  the  northem 
and  eastern  portion  of  the  bay  that  the  choice  of  location  is  lim- 
ited to  Punta  Villarino  or  Punta  Delgada,  the  latter  including 
the  present  site  of  San  Antonio  Oeste  north  of  it.  The  proposal 
has  been  seriously  considered  of  locating  the  dty  on  the  northem 
shore  of  Punta  Villarino,  where  ships  may,  under  present  con- 
ditions, most  conveniently  discharge  their  cargoes.  Deep  water 
and  a  sheltered  anchorage  abreast  of  a  rapidly  shdving  beach 
that  would  facilitate  the  construction  of  wharves  without  excess- 
ive cost  constitute  an  argument  strongly  in  favor  of  this  location. 
But  the  site  among  shifting  sand  dunes  is  extremdy  inhospitable. 
It  has  no  water  supply,  nor  is  there  any  which  could  be  brought 
to  the  point  in  suffident  quantity  for  a  considerable  population, 
and  the  railroad  would  need  to  be  extended  40  kilometers  from 
San  Antonio  Oeste  around  the  northem  shore  of  the  bay  to 
reach  this  point  of  commxmication  with  the  ships.  These  ob- 
jections militate  gravdy  against  the  proposal  to  establish  the 
dty  where  it  would  be  most  convenient  for  shipping. 

At  the  present  time  ships  anchored  off  Punta  Villarino  dis- 
charge into  lighters  which  at  high  tide  proceed  by  the  Caleta 
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Encerrada  to  the  docks  at  San  Antonio  Oeste,  a  distance  of  lo 
kilometers.  Unloading  by  lighters  is  a  common  practice  even  at 
so  large  a  city  as  Rio  de  Janeiro,  but  it  adds  an  appreciable  item 
to  the  cost  of  transferring  cargoes,  and  the  inconvenience  is 
materially  increased  at  San  Antonio  Oeste  by  the  fact  that 
lighters  can  go  and  come  only  at  high  tide,  by  a  crooked  and  very 
narrow  channel.  It  does  not  seem  probable  that  the  present 
method  of  discharging  and  receiving  cargo  can  long  continue 
to  be  considered  an  economical  procedure  for  the  future  Atlantic 
terminus  of  the  San  Antonio  and  Nahuel  Huapf  Railroad  sjrstem. 

A  possible  site  for  the  railroad  terminus  and  wharves  to  which 
shipping  should  come  may  be  f oimd  on  the  northern  part  of  the 
Banco  Reparo,  immediately  south  of  Punta  Delgada,  at  the 
mouth  of  the  Caleta  Encerrada.  It  is  about  3  kilometers  north 
of  the  deep  water  in  which  ships  now  anchor.  In  order  that 
ships  might  reach  it,  it  would  be  necessary  to  establish  a  channel 
either  by  dredging  or  by  so  concentrating  the  tidal  currents  that 
they  would  scour  to  the  necessary  depth.  The  capacity  of  the 
tides  to  produce  a  channel  may  be  judged  by  the  work  which 
they  now  accomplish.  For  instance,  the  channel  10  meters  deep 
ofif  Punta  Perdices  is  maintained  by  the  recession  of  the  mean 
high  tide  from  an  area  of  0.65  square  kilometer  (or  160  acres). 
The  channel  has  a  total  width  of  200  meters.  A  diversion  em- 
bankment built  northeastward  from  the  mouth  of  the  Caleta 
Encerrada  would  concentrate  the  discharge  from  1.5  square 
kilometers  (or  370  acres)  in  the  current  that  would  be  directed 
along  the  face  of  the  northern  part  of  the  Banco  Reparo,  and 
would  produce  a  deeper  channel  there  than  now  exists. 

A  careful  study  of  the  tidal  currents  would  be  necessary  as 
the  basis  of  an  engineering  project  to  develop  this  suggestion, 
but  it  does  not  seem  improbable  that  this  method  of  obtaining 
the  required  channel  will  be  foimd  reasonable.    Wharves  for 
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the  shipping  with  accommodations  for  the  maximum  rise  and 
fall  of  the  tides  present  a  problem  to  be  solved  by  landing  stages 
or  by  lock  basins,  and  these  should  be  so  situated  that  the  rail- 
road may  be  extended  to  them  from  Pmita  Delgada.  To  reach 
that  point  it  would  be  necessary  to  continue  the  present  line  5 
kilometers  beyond  San  Antonio  Oeste. 

The  advantages  of  a  location  on  the  west  side  of  the  bay 
near  Punta  Delgada  are  an  immediate  connection  with  the  rail- 
road, an  attractive  site  for  the  dty,  and  above  all  the  possibility 
of  providing  an  adequate  supply  of  pure  water,  by  bringing  the 
water  of  the  Arroyo  Valcheta  across  the  high  coastal  plain,  as 
has  been  proposed  in  a  carefully  studied  project. 

The  existing  town  of  San  Antonio  Oeste  is  built  on  a  long, 
flat  ridge  10  to  12  meters  above  mean  low  tide,  along  the  southern 
shore  of  Caleta  Encerrada.  This  ridge,  unlike  the  sand  spits 
which  constitute  Pimta  Villarino  and  Punta  Delgada,  is  not 
composed  of  sand  dunes,  but  of  fine  gravel  and  shells.  It  is  an 
old  beach  ridge  thrown  up  by  the  Atlantic  waves  before  Punta 
Delgada  was  built  out  in  front  of  it.  Toward  the  south  it  slopes 
gently  down  to  the  tide  flats  that  separate  it  from  the  sand  hills 
of  Punta  Delgada,  and  on  the  west  it  merges  into  the  general 
plain  of  the  Bajo  de  San  Antonio. 

San  Antonio  Oeste  has  a  fluctuating  population  of  probably 
500  permanent  inhabitants  and  1,500  or  more  when  the  railway 
construction  is  in  active  progress.  It  is  the  headquarters  of 
several  large  commercial  firms  engaged  in  the  exportation  of 
wool  and  the  importation  of  the  necessities  of  life  for  the  pastoral 
population  of  the  western  plains.  There  are  in  the  town  a  well- 
attended  public  school,  a  telegraph  ofiice,  and  central  police 
headquarters.  The  railroad  shops  are  well  equipped,  and  from 
them  a  portion  of  the  town  is  lighted  by  electric  Ughts,  the  power 
being  derived  from  imported  coal. 
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The  Bajo  de  San  Antonio 

Northwestward  from  the  Bay  of  San  Antonio  extends  the 
flat  plain  which  is  known  as  the  Bajo  de  San  Antonio.  The  bay 
and  the  bajo  are  parts  of  a  depression  which  characterizes  the 
coast  in  this  vicinity  and  which  corresponds  with  the  deep  in- 
dentation of  the  coast  line  by  the  GuU  of  San  Matfas.  Both 
northeast  and  southwest  of  this  depression  the  promontories 
of  the  coast  are  higher,  but  here  the  plain  is  low  and  partly  sub- 
merged beneath  the  gulf  and  the  bay.  The  higher  coastal  plain, 
which  caps  the  sea  cliffs  on  both  the  north  and  the  south,  extends 
around  the  Bajo  de  San  Antonio  and  limits  it  on  the  north  and 
west.  To  one  riding  across  the  bajo,  the  slope  from  the  lower 
to  the  higher  plain  looks  like  a  chain  of  hUls  interrupted  by  little 
valleys,  but  it  is  only  the  terrace  slope  connecting  the  two  flat 
surfaces. 

The  plain  of  the  Bajo  de  San  Antonio  rises  gently  from  the 
tidal  flats  to  an  altitude  of  50  meters  or  more  where  it  touches 
the  foot  of  the  slope  that  leads  to  the  higher  coastal  plain.  It 
is  a  nearly  flat  surface  and  is  covered  by  a  strong  growth  of 
shrubs  which  in  general  stand  higher  than  a  horseman's  head. 
This  growth  comprises  many  varieties  of  bushes,  the  prind|)al 
ones  being  the  jariUa^  a  shrub  with  long,  slender  gray  stems 
and  smaU  green  leaves;  the  algorrobo^  one  of  the  acacia  family 
characterized  by  large  thorns  and  big  bean  pods;  the  mata  cebo, 
or  fat  bush,  which  is  strongly  charged  with  essential  oils  and  bums 
as  if  it  were  resinous;  and  the  mata  negraj  a  large  evergreen  bush 
of  very  dense  dark-green  foliage  composed  of  small  brilliant 
leaves.  In  general  these  shrubs  grow  so  sparsely  that  a  horse- 
man can  readily  pass  among  them  in  any  direction,  but  here 
and  there  the  growth  is  denser. 

The  soil  of  the  plain  is  fine  and  of  a  dark  gra3dsh-brown  color. 
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It  is  rather  compact  and  is  from  2  to  10  meters  or  more  in  depth. 
It  is  nearly  all  wind-blown  material^  brought  from  the  high 
plain  above  by  the  constant  westerly  winds  and  held  on  the 
lower  surface  by  moisture  and  v^etation.  In  addition  to  the 
shrubs  it  supports  a  strong  growth  of  bunch  grass  and  of  varieties 
of  the  Compositse,  together  with  other  small  flowering  plants. 
The  soil  is  somewhat  saline.  It  has  not  yet  been  extensively 
cultivated,  and  its  agricultural  possibilities  remain  to  be  deter- 
mined. In  certain  experiments  that  were  made  in  the  vicinity 
of  San  Antonio  wheat,  rye,  and  oats  were  successfully  raised  by 
methods  of  dry  farming  under  conditions  that  did  not  promise 
great  success,  as  the  tools  and  the  labor  were  both  very  in- 
efficient. 

Irrigation  is  not  now  practicable  in  the  Bajo  de  San  Antonio. 
No  supply  of  surface  water  is  available,  and  none  tha.t  is  suitable 
can  be  had  by  ptmiping  the  underground  waters,  as  they  have 
been  shown  to  be  generally  brackish.  It  has  been  proposed  to 
irrigate  the  bajo  by  wajter  to  be  brought  from  the  Rio  N^o, 
the  river  being  tapped  at  a  point  about  250  kilometers  distant, 
and  the  water  led  about  the  slopes  of  the  Bajo  del  Gualicho  to 
irrigate  extensive  areas  along  the  entire  route  of  the  canal.  Sur- 
veys to  establish  the  feasibility  of  this  scheme  have  been  in 
progress  for  several  years  under  the  direction  of  the  Department 
of  Irrigation,  but  thus  far  have  not  given  a  satisfactory  result. 

The  Coastal  Plain 

The  railroad  from  San  Antonio  crosses  the  Bajo  de  San  An- 
tonio to  kil6metro  35  and  then  begins  to  ascend  from  an  altitude 
of  80  meters  to  one  of  170  meters,  where  it  reaches  the  eastem 
margin  of  the  high  coastal  plain.  This  is  an  extensive  flat  which 
rises  gently  westward  to  a  maximum  elevation  of  about  220 
meters.    The  lowest  pass  in  it  west  of  San  Antonio,  as  indicated 
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by  the  topographic  surveys,  is  190  meters  above  mean  tide,  but 
the  raihroad  rises  to  215  meters. 

The  aspect  of  this  plain  differs  from  that  of  the  bajo  in  the 
gravelly  character  of  the  surface  and  in  the  lesser  height  of  the 
brush.  The  jariUa^  the  algarrobo,  and  the  mata  echo  continue, 
but  the  mata  negra  is  much  less  abimdant  or  even  lacking.  The 
shrubs  are  farther  apart  and  their  lesser  growth  indicates  a  smaller 
amount  of  moisture  in  the  soil,  which  is  attributable  rather  to 
the  porosity  of  the  subsoil  in  which  the  rainfall  is  lost  than  to 
the  smaller  precipitation.  There  is  probably  no  difference  in 
rainfall  between  the  Bajo  de  San  Antonio  and  the  higher  plain 
immediately  adjacent  to  it. 

Between  the  bushes  stands  a  heavy  growth  of  native  grasses, 
and  the  plain  gives  the  first  hint  of  the  grassy  pampas  that  are 
so  extensive  farther  west,  beyond  the  shrubs.  Although  appar- 
ently very  flat,  the  surface  carries  many  shallow  basins  which 
in  time  of  rain  become  transient  ponds;  especially  in  early 
autumn  and  through  the  winter  there  is  abundant  water  for 
stock,  and  herds  are  driven  from  distant  regions  to  winter  here. 
With  the  advent  of  spring  the  ponds  dry  up;  the  herds  are  driven 
away,  and  the  grasses  are  left  to  seed  during  the  smnmer.  This 
region,  therefore,  is  of  necessity  a  seasonal  grazing  district,  and 
it  illustrates  the  manner  in  which  the  native  grasses  perpetuate 
themselves  when  given  an  opportxmity  to  seed  at  the  appropriate 
season. 

The  railroad  line  extends  across  the  high  coastal  plain  from 
kil6metro  40  to  kil6metro  80,  touching  at  the  stations  of  Mancha 
Blanca  and  La  Travesfa.  At  the  latter  point  a  well  was  simk 
to  a  depth  of  205  meters  in  search  of  artesian  water.  The  drill 
passed  through  sedimentary  rocks  of  Tertiary  age  down  to  a 
depth  of  65  meters,  wheite  it  entered  the  underlying  granitoid 
complex,  in  which  it  continued  to  the  bottom  of  the  hole.    A 
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small  flow  of  brackish  water  was  encountered  near  the  contact 
of  the  sediments  and  the  granites,  but  no  considerable  volume 
of  water  was  struck.  West  of  La  Travesfa  the  road  reaches  the 
highest  point  in  this  section,  at  an  altitude  of  215  meters,  and 
begins  the  descent  into  the  Bajo  de  Valcheta. 

Bajo  de  Valcheta 

The  Bajo  de  Valcheta  has  already  been  described  as  a  cres- 
cent-shaped depression  which  extends  north-northwest  for  100 
kilometers  and  which,  at  its  lowest  point,  is  but  83  meters  above 
the  sea.  Descending  from  the  eastern  rim  the  railroad  line 
touches  Aguada  Cedlio  and  continues  to  Cerro  Sombrero  and 
to  Valcheta,  the  village  at  the  crossing  of  the  railroad  over  the 
Arroyo  Valcheta,  no  kilometers  west  of  San  Antonio.  The 
natural  features  in  this  section  of  the  road  are  of  much  interest, 
as  they  illustrate  a  variety  of  conditions  characteristic  of  the 
high  plateaus.  Looking  northward  from  the  track  as  we  de- 
scend toward  Aguada  Cedlio  we  see  the  long,  flat  slope  of  the 
Bajo  Plato,  as  the  eastern  portion  of  the  Bajo  de  Valcheta  is 
called,  and  in  the  distance  the  bluffs  of  Barranca  Norte,  low  cliffs 
of  marine  shales  and  sandstones  of  the  early  Tertiary  epoch. 
Approaching  Aguada  Cedlio  we  have  on  the  left  some  ciuiously 
shaped  yellow  mesas  of  marine  calcareous  and  argillaceous  strata 
which  are  capped  by  black  lavas.  One  of  the  little  hills,  known 
as  Cerro  AmariUo,  is  so  symmetrical  in  form  that  it  was  sup- 
posed to  be  artificial,  and  was  excavated  in  the  hope  of  finding 
Indian  relics.  It  is,  however,  a  remnant  left  by  the  ordinary 
processes  of  erosion  in  homogeneous  strata. 

At  Aguada  Cedlio  there  is  a  little  ravine  in  the  margin  of  a 
lava  plateau,  and  deep  in  its  recesses  is  a  spring  whose  waters 
nourish  the  rich  green  vegetation  that  covers  the  slopes  and  floor 
of  the  little  valley.    It  is  the  first  spring  in  the  86  kilometers 
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traversed  from  San  Antonio  and  has  from  time  immemorial  been 
a  stopping-place  on  this  route  across  the  Pampas.  The  water 
issues  from  crevices  at  the  bottom  of  the  lava  just  above  an  im- 
pervious bed  of  shale,  and  is  now  gathered  in  basins  cut  in  the 
rock  and  in  tanks  in  the  valley  below,  for  the  use  of  the  railroad. 
It  is  slightly  brackish  and  is  not  well  suited  to  locomotive  service. 

For  some  distance  beyond  Aguada  Cedlio  the  railroad  con- 
tinues to  skirt  the  base  of  the  lava  plateau,  passing  among  the 
outliers,  of  which  Cerro  Sombrero  is  one  of  the  most  conspicuous. 
Toward  Valcheta  it  ascends  to  a  gravel  plain.  Off  to  the  south 
the  sky-line  shows  the  escarpments  of  more  extensive  lava  pla- 
teaus, while  to  the  north  the  brush-covered  plain  slopes  down 
toward  the  salt  lake  that  occupies  the  lower  part  of  the  Bajo 
de  Valcheta. 

The  strata  which  constitute  this  part  of  the  plain  consist  of 
clay  and  gravel  in  which  are  embedded  many  fossil  tree  trunks. 
The  species  has  not  been  determined,  but  the  trees  were  of  a 
deciduous  variety  and  reached  diameters  of  3  to  4  feet.  They 
were  fairly  numerous  in  the  vicinity  of  Valcheta  station,  and 
are  evidently  lying  where  they  fell  and  were  buried  in  the  accu- 
mulating mud  and  sand.  Their  age  is  apparently  the  same  as 
that  of  the  marine  strata  which  underlie  the  lava  beds  above 
Aguada  Cecilio,  namely,  early  Tertiary. 

The  village  of  Valcheta,  established  about  1890,  has  grown 
with  the  advent  of  the  railroad,  and  its  population  fluctuates 
with  the  work  of  construction,  from  about  350  upward.  Just 
west  of  Valcheta  station  the  road  crosses  the  Arroyo  Valcheta. 
One  of  the  oldest  colonies  of  the  r^on  was  founded  here  some 
twenty-three  years  ago,  on  land  that  was  laid  off  along  the  course 
of  the  stream.  The  Arroyo  Valcheta  is  a  large  brook  which,  on 
accoimt  of  its  constant  flow,  is  a  stream  of  first  importance  in 
this  semi-arid  region.    It  is  instructive  to  follow  it  from  its  source 
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A,  Valley  of  the  Arroyo  Valchcta  and  La^na  Chanquin.  a  fresh-water  lake  supplied  by  Arroyo  Valchcta  and  visited  by 

innumerable  water-fowl,  including  flamingoes  and  the  black-necked  swan. 

B.  The  Arroyo  Valcheta  in  Pueblo  Valcheta,  at  its  normal  stage,  flowing  2}  cubic  meters  per  second. 
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in  the  volcanic  plateaus  to  the  salina  in  which  its  waters  evap- 
orate. 

Some  80  kilometers  south  of  the  railroad  there  is  a  zone  of 
volcanic  mountains,  the  highest  of  which  attains  an  altitude 
of  about  1,800  meters  above  sea  level  and  is  the  central  peak 
of  extensive  lava  plateaus.  The  surface  of  the  plateaus  lies 
above  1,000  meters  above  the  sea  and  is  extremely  irr^ular. 
There  are  no  well-defined  stream  channels  to  lead  off  the  drainage, 
the  fissured  rocks  having  always  prevented  the  development  of 
continuous  streams.  The  waters  which  gather  from  rain  or 
snow  accumulate  in  shallow  pools  for  a  short  time,  but  soon  sink 
into  the  mass  of  rock  and  accumulate  in  the  crevices  and  spongy 
lavas.  There  they  percolate  slowly  down  into  the  mass,  which 
thus  becomes  a  great  reservoir  and  a  constant  source  of  supply. 
Around  the  margins  of  the  plateaus  the  waters  issue  in  large, 
strong,  clear  springs.  The  Arroyo  Valcheta  rises  in  three  such 
springs  of  especially  large  size,  issuing  in  deep  amphitheatres 
beneath  basalt  cliffs,  and  the  waters,  imiting,  continue  in  a 
northem  course  along  a  flat  valley  below  the  slopes  of  the  Chan- 
quin  mesa.  This  mesa  is  a  spur  of  the  lava  plateau  which  is 
capped  by  the  black  lava  above  slopes  of  white  and  yellow  fresh- 
water sediments.    Low  red  hills  border  the  wide  green  valley. 

The  slopes  of  the  valley  are  covered  with  the  brush  and  grass 
which  has  already  been  described  as  characteristic  of  the  semi- 
arid  climate.  The  lowlands,  on  the  contrary,  are  rich  swampy 
meadows  or  in  places  swamps  with  fresh-water  lagoons.  The 
contrast  is  surprising.  It  strikingly  illustrates  the  dependence 
of  v^etation  upon  the  abimdance  of  water  and  demonstrates 
clearly  how  rich  the  growth  may  be  where  the  water  supply  is 
sufficient.  Even  where  the  stream  has  a  fall  of  as  much  as  5 
meters  in  a  kilometer  the  banks  of  rich  tussock  grass  build  up 
terraces  and  occasion  little  waterfalls  where  the  water  spreads 
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among  the  verdure.  The  waters  of  the  lagoons  are  held  by  the 
growth  of  reeds  and  by  the  turf  that  grows  upon  the  soil  which 
has  accumulated  along  the  reedy  marshes.  Thus  the  waters  are 
spread  out  in  the  valley  and  convert  its  rich  bottom  lands  into 
inaccessible  swamps,  where  animals  are  often  bogged  and  lost. 

The  Arroyo  Valcheta  flows  through  swamps  of  this  char- 
acter in  the  Estanda  Chanquin  to  a  point  5  kilometers  south  of 
the  railroad  and  then  enters  a  canyon  in  red  granitoid  rocks, 
through  which  it  flows  swiftly  to  the  point  where  the  railroad 
crosses  it.  North  of  the  line  it  soon  spreads  out  again  in  wide 
swamps  and  divides  into  many  channeb.  The  principal  current 
fl.ows  on  to  the  Laguna  del  Curic6,  which  is  a  flat  basin  without 
outlet,  changing  according  to  the  volume  of  the  stream  from  a 
mud  flat  with  a  shallow  pool  in  the  center  to  an  extensive  lake. 
Like  all  the  alluvial  soil  in  this  r^on,  the  mud  is  composed  of 
fine  eolian  dust  and  when  mixed  with  water  becomes  a  liquid 
that  affords  no  footing.  It  is  more  or  less  charged  with  salt 
and  remains  bare  of  vegetation.  Often,  about  the  margins  of 
this  and  similar  pools  at  the  time  of  evaporation  of  the  waters, 
there  is  a  belt  of  white  salt  which  disappears  when,  diuing  the 
rainy  season,  the  surface  is  washed  clean. 

The  characteristic  which  distinguishes  the  Arroyo  Valcheta  is 
the  purity  of  its  waters,  and  when  to  this  is  added  their  constancy 
of  flow  its  value  in  the  semi-arid  desert  is  almost  incalculable. 
The  future  of  San  Antonio,  of  the  railroad,  and  of  the  lands  im- 
mediately adjacent  depends  upon  this  stream  and  upon  the 
wisdom  with  which  it  is  utilized.  Investigations  of  the  amoimt 
of  water  which  it  carries  should  be  conducted  systematically,  to 
determine  the  fluctuations  from  season  to  season.  The  minimum 
flow  which  has  been  observed  after  eight  months  of  drought  was 
2  cubic  meters  per  second.  The  average  is  probably  between 
2  and  3  cubic  meters  per  second,  and  the  maximum  that  we  have 
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measured  resulting  from  rain  and  melting  snow,  was  6.5  cubic 
meters.  The  total  volume  of  the  stream  per  annum  has  been 
calculated  to  be  60  million  cubic  meters,  of  which  40  million 
may  be  stored  and  utilized  for  the  water  supply  of  San 
Antonio  and  the  railroad  and  to  irrigate  some  3,000  hectares  of 
land,  to  be  selected  at  the  most  appropriate  points  along  the 
railroad  line  toward  San  Antonio. 

The  country  traversed  by  the  railroad  west  of  Valcheta  is  a 
r^on  of  extensive  plains,  broken  by  low  hills  of  red  rock  and 
overgrown  by  the  characteristic  shrubbery  ol  jariUa^  algorrobOj 
and  bunch  grass.  Some  40  kilometers  west  of  the  Arroyo  Val- 
cheta the  road  crosses  a  similar  but  smaller  stream,  the  Arroyo 
Nahuel  Niyeu,  which  flows  through  a  more  rugged  valley  than 
that  of  the  Arroyo  Valcheta  but,  like  it,  heads  in  springs  at  the 
foot  of  the  lava  plateau.  North  of  the  railroad  the  Nahuel 
Niyeu  enters  the  plain  of  the  Bajo  de  Valcheta,  which  stretches 
away  as  an  extensive  flat  covered  with  fine  soil  from  i  to  2 
meters  deep  above  a  bed  of  gravel.  It  has  a  sufl&dent  slope  to 
give  good  drainage  and  is  adapted  to  irrigation  so  far  as  the 
waters  of  the  stream  may  suffice.  In  the  auction  sale  of  lands 
in  this  vicinity,  which  took  place  in  October,  191 1,  the  Govem- 
ment  reserved  12,000  hectares  from  which  to  select  the  area  that 
shall  be  irrigated  by  the  waters  of  Nahuel  Niyeu  and  the 
Arroyo  Yamintia,  which  enters  the  same  valley  a  short  distance 
farther  west.  In  order  that  they  may  be  utilized  it  will  be 
necessary  to  dam  both  of  these  streams. 

When  the  necessary  public  works  shall  have  been  executed 
and  the  waters  of  the  Arroyos  Valcheta,  Nahuel  Niyeu,  and 
Yamintia  shall  have  been  appropriated  to  irrigation  and  other 
uses  of  the  populations  that  will  depend  upon  them,  the  water 
supply  of  the  dty  of  San  Antonio  and  of  the  railroad  in  the 
first  170  kilometers  west  of  that  dty  will  have  been  established. 
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and  an  area  of  about  5|Ooo  hectares  will  be  cultivated  under 
irrigation.  If  we  assume  that  each  lot  imder  irrigation  shall 
comprise  20  hectares,  there  will  be  250  families,  or  a  population 
of  over  1,000  persons,  located  in  this  section. 

Plains  of  Cabeza  de  Vaca 

Between  the  Bajo  de  Valcheta  and  Corral  Chico  the  railroad 
traverses  a  high  plain  on  which  is  the  station  of  Cabeza  de  Vaca. 
The  country  is  typical  of  the  plains  that  lie  between  the  Bajo 
de  Valcheta  and  the  Bajo  del  Gualicho.  It  is  composed  of  sedi- 
mentary strata,  which  are  formed  chiefly  of  day  but  include 
considerable  gravel.  The  gravel  is  most  obvious  on  the  surface, 
because  the  winds  blow  away  the  fine  superficial  soil,  but  it  pro- 
tects the  moistiure  in  the  underlying  earth  from  evaporation  and 
thus  helps  to  maintain  a  better  growth  of  v^etation  than  might 
be  expected.  In  some  sections  the  grass  and  shrubs  afford 
excellent  pastiure.  At  the  base  of  the  sediments,  some  30  meters 
or  more  below  the  surface,  there  are  beds  of  more  sandy  strata, 
which  are  water-bearing  and  may  be  reached  by  wells. 

Section  of  Cerros  Color  ados 

West  of  Corral  Chico  there  is  a  belt  of  coimtry  in  which  the 
plateau  character  of  the  general  region  is  replaced  by  groups 
of  high  red  hills,  and,  although  the  name  Cerro  Colorado  is  a 
very  common  one  in  Patagonia,  there  is  no  other  so  descriptive 
to  be  applied  to  this  section.  The  rocks  are  varieties  of  granite 
and  of  an  allied  lava,  rhyolite,  generally  of  a  red  color,  and  they 
form  high  roimded  hills,  among  which  broad  gravel-filled  valleys 
extend  in  various  directions.  Lava  flows  from  local  volcanic 
centers  spread  among  them  also,  and  in  places  there  are  canyons 
which  cut  through  the  lavas  into  the  imderlying  gravels  and  sedi- 
mentary rocks.    Where  springs  flow  from  the  base  of  the  escarp- 
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ments  the  slopes  are  green  with  verdure,  and  green  meadows 
form  the  valley  bottoms  as  far  as  the  waters  run.  Beyond  them 
the  thin  gray-green  growth  of  the  semi-arid  plains  covers  the 
surface*  The  railroad  winds  through  this  setting  of  hill  and  val- 
ley from  the  vicinity  of  Corral  Chico  (kil6metro  210)  to  a  point 
near  Maquinchao  (kil6metro  380).  Off  to  the  north  the  same 
type  of  topography  extends  to  high  gravelly  plains  which,  still 
farther  north,  slope  away  to  the  Bajo  del  Gualicho.  Toward 
the  south  the  valleys  rise  until  they  head  in  the  escarpments  of 
the  extensive  lava  plateaus  which  unite  with  the  center  of 
Somimcurd. 

An  English  estanda,  that  of  Sierra  Colorada,  occupies  one 
of  the  fertile  valleys,  and  its  herds  graze  upon  the  plateaus  and 
in  the  valley  bottoms,  according  to  the  season,  while  alfalfa  is 
successfully  raised  by  irrigation  from  a  large  spring. 

Basin  of  Carilaufquen 

An  extensive  drainage  basin,  or  rather  a  group  of  basins, 
without  outlet  to  the  sea,  occupies  a  central  position  in  Rio 
Negro  and  is  traversed  by  the  San  Antonio  and  Nahuel  Huapf 
Railroad  from  kil6metro  375  to  kil6metro  480  west  of  San  An- 
tonio. This  depressed  area,  which  is  entirely  surroimded  by 
plateaus,  may  be  called  the  Basin  of  Carilaufquen,  for  all  its 
waters  imite  in  Lago  Carilaufquen. 

Lago  Carilaufquen  is  narrowly  encircled,  except  on  the  south 
side,  by  the  escarpments  of  the  northem  plateau  which  extends 
toward  the  Limay.  The  lake  has  been  visited  but  not  surveyed 
by  members  of  the  Comisi6n. 

Lago  Carilaufquen  is  a  lake  without  outlet,  about  20  kilo- 
meters in  length  and  5  kilometers  wide.  It  is  said  to  be  several 
meters  deep  in  the  middle.  The  northwestem  shore  is  formed  by 
the  talus  slope  of  a  high  mesa  which  is  capped  with  lava  and. 
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continuing  around  the  northern  end,  extends  far  to  the  east 
toward  Maquinchao*  The  eastern  shore  is  a  wide  mud  flat, 
inaccessible  to  animals^  which  become  bogged  at  a  distance  from 
the  water.  Outside  of  the  border  of  mud  are  sand  dimes  cover- 
ing the  entire  surface  northeastward  to  the  base  of  the  mesa. 
The  dimes  carry  a  good  growth  of  the  native  shrubs^  which  live 
upon  the  waters  that  accumulate  in  the  loose  sands,  and  it  is 
possible  that  alfalfa  may  be  cultivated  here,  as  it  is  under  sim- 
ilar conditions  about  Medanos,  near  Bahia  Blanca. 

The  water  of  Lago  Carilaufquen  is  slightly  brackish,  but  is 
not  too  salty  for  stock,  which  drinj:  it  freely.  It  is  evident  that 
the  lake  has  not  long  been  drying  up  by  evaporation,  or  the  salts 
would  be  more  concentrated.  It  may  have  had  some  such 
history  as  this:  The  basin,  a  shallow  depression  in  an  angle  of 
the  plain  beneath  the  plateau,  has  been  scoured  out  by  wind 
when  dry  or  filled  with  water  when  the  streams  ran  to  it.  These 
changes  have  occurred  from  time  to  time  as  the  climate  has 
varied  from  more  arid  to  more  humid  conditions.  During  the 
latest  interval  of  wetter  years,  which  culminated  about  1900, 
the  basin  was  filled  with  fresh  water  beyond  the  present  extent 
of  the  lake,  and  as  the  droughts  have  recently  become  more 
intense  the  water  has  evaporated  somewhat  faster  than  it  has 
been  supplied  by  the  several  streams  that  were  formerly  trib- 
utary to  it  by  surface  channels,  but  that  now  seep  to  it  under- 
ground. It  has  therefore  diminished  in  volume  and  become 
slightly  brackish.* 

South  of  the  lake  is  a  wide  plain  composed  of  gravels,  coarse 
sands,  and  clays,  all  of  which  are  well  bedded  and  were  de- 
posited by  the  streams  that  now  sink  into  them  at  some  distance 
away.    There  is  a  heavy  growth  of  the  coarser  and  more  hardy 

*  An  interesting  discussion  of  the  history  of  salt  lakes  may  be  found  in  the  work 
entitled  "The  Geological  History  of  Lake  Lahontan,"  by  I.  C.  Russell.  Monographs 
of  the  U.  S.  Geological  Survey,  No.  ii,  1885. 
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native  shrubs,  capable  of  withstanding  the  strong  winds  that 
sweep  across  the  plain  and  of  rooting  in  the  waters  which  seep 
through  the  subsoiL  There  is,  however,  very  little  grass  and  the 
wide  plain  is  uninhabited.  Squatters  living  near  the  lake  in 
191 2  had  cultivated  a  garden  and  raised  the  common  v^etables. 

Southwest  of  the  principal  Lago  Carilauf quen  is  a  smaller 
lake,  known  as  Carilaufquen  Chico.  Though  1.5  kilometers  in 
diameter  it  is  so  shallow  that  flamingoes  wade  near  the  middle 
of  it.  The  water  is  fresh  and  a  stream  which  never  dries  flows 
from  it  into  the  big  laguna  that  lies  beyond  a  projecting  spur 
of  the  mesa. 

On  the  south  side  of  Lago  Carilaufquen  is  a  gravel  plain 
which  opens  out  broadly  southward  and,  being  broken  by  hills 
and  by  spurs  from  the  plateaus  at  some  distance  from  the  lake, 
ramifies  into  the  valleys  of  the  Arroyos  Maquinchao,  Quetri- 
quile,  and  Guaguel  Niyeu,  the  three  principal  streams  tributary 
to  Carilaufquen.  These  streams  do  not  flow  cm  the  surface 
across  the  gravel  plain  to  the  lake,  but  their  waters  sink  and 
percolate  underground  for  50  kilometers,  more  or  less,  according 
to  the  stage  of  water  in  the  streams.  In  their  upper  valle3rs 
they  are  clear  brooks  of  fresh  water,  running  between  gravelly 
banks  or  spreading  in  marshy  meadows  or  flowing  in  narrows 
between  lava  cliffs. 

The  Arroyo  Maquinchao  is  a  large  stream  which  has  always 
been  of  importance  as  a  watering-place  on  the  road  across  the 
Pampas.  The  valley  is  an  extensive  one,  heading  in  a  group  of 
high  mountains  60  to  100  kilometers  south  of  the  railroad  and 
extending  some  50  kilometers  beyond  the  point  where  the  rail- 
road reaches  it,  to  the  basin  of  Lago  Carilaufquen.  The  total 
length  of  the  stream  is  probably  not  less  than  130  or  150  kilo- 
meters. Like  all  the  larger  streams  of  the  interior  of  Patagonia, 
the  Arroyo  Maquinchao  gathers  its  waters  chiefly  in  lava  flows. 
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One  large  spring,  breaking  out  below  an  escarpment  on  the  side 
of  the  valley  in  the  Neluan  section  of  Maquinchao,  is  character- 
istic of  the  sources  of  streams  of  this  type.  The  water  issues 
below  a  black  cliff  and  breaks  in  a  sparkling  cascade  over  the 
lower  slope,  where  it  is  margined  and  turned  aside  in  a  hundred 
rivulets  by  the  luxiuiant  verdure  which  it  nourishes.  There 
is  no  visible  channel  above  the  point  of  issue;  the  diff  is  rather  a 
little  higher  than  lower  at  that  point.  Ascending  to  the  plateau, 
we  find  a  rugged  surface  with  many  undulations  yet  rising  grad- 
ually to  a  distant  smnmit.  It  is  the  surface  of  a  lava  flow  and 
the  smnmit  is  probably  the  point  from  which  the  lava  was 
erupted.  Flowing  from  the  center  the  lava  mass  spread  out 
widely  and  hardened  on  the  surface  while  still  molten  within; 
the  inner,  molten  portion  was  pushed  on  beneath  the  crust  by 
a  succeeding  outgush  and,  finally  breaking  through,  flowed  out 
beyond  the  noargin  of  the  greater  mass.  Beneath  the  crust,  in 
places  where  the  liquid  lava  escaped,  larger  or  smaller  cavities 
and  tunnels  remained.  These  cavities  form  filtration  galleries 
which,  like  the  artificial  galleries  built  to  concentrate  water  from 
porous  strata,  gather  that  which  percolates  from  the  shattered 
and  porous  lavas  and  deliver  it  as  a  constant  stream  at  the  point 
of  issue  from  beneath  the  lava  flow. 

The  volume  of  the  large  spring  in  the  Neluan  section  of 
Maquinchao  was  0.2  meter  per  second  in  March,  191 2,  after  a 
very  long  drought. 

The  valley  of  the  Arroyo  Maquinchao  is  typical  of  all  the 
larger  stream  valleys  of  this  interior  region.  In  its  lower  por- 
tion, near  Lago  Carilaufquen,  it  is  a  broad  gravel  plain  and  as 
such  runs  through  the  sections  of  the  large  estanda  of  Maquin- 
chao known  as  Marilaufquen  and  Epulaufquen.  Extending 
southward  the  valley  is  bordered  by  gravel  terraces  which  con- 
stitute bench  lands,  and  above  these  on  either  hand  extend 
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plateaus  covered  in  part  with  gravel  and  in  part  with  lavas. 
The  valley  floor  from  i  to  2  meters  above  the  stream  itself  pre- 
sents two  strongly  contrasted  conditions  of  soil  and  moisture, 
with  corresponding  differences  of  v^etation.  It  includes  exten- 
sive areas  of  gravelly  or  sandy  soil  where  the  principal  growth 
is  bimch  grass  and  small  shrubs  and  the  aspect  of  the  plain  is 
arid,  except  in  the  more  rainy  seasons  of  the  year.  The  con- 
trasting sections  may  best  be  described  as  swampy  meadows. 
They  are  low  flats,  where  a  rich,  deep  soil  has  accumulated  and 
supports  a  luxuriant  growth  of  fine  grasses  and  rushes.  In 
winter  they  become  bogs.  In  summer  they  dry  up.  They  are 
locally  known  as  mallins  and  constitute  a  feature  of  the  Patago- 
nian  landscape  which  will  be  described  in  detail  in  connection 
with  the  soils. 

The  mallins  of  the  valley  of  Maquinchao  are  very  extensive. 
They  occur  along  both  sides  of  the  stream,  with  interruptions  by 
gravelly  plains,  from  the  southern  part  of  the  section  of  Epulauf- 
quen  through  the  sections  of  Nduan,  Rukuluan,  and  Quetrilin- 
quichi — ^that  is,  for  a  distance  of  about  60  kilometers  along  the 
valley. 

The  headwaters  of  the  stream  lie  some  50  kilometers  or  more 
farther  south,  among  high  plateaus  of  which  but  little  is  known. 
These  plateaus  appear,  however,  to  stretch  between  those  of  the 
Somuncurd  volcanic  area  on  the  east  and  those  of  the  Anec6n 
Grande  district  on  the  west,  and  probably  they  include  a  number 
of  independent  centers  of  eruption  with  their  attendant  lava 
flows.  The  altitude  of  the  valley  in  its  lower  sections  is  not  far 
from  900  meters  above  the  sea,  and  in  the  higher  valle3rs  of  the 
Estanda  Maquinchao  it  is  probably  1,200  meters.  Thus  the 
upper  valley  is  above  what  is  now  considered  practicable  winter 
sheep  range  on  accoimt  of  the  cold  and  wind. 

The  railroad  line  strikes  the  Arroyo  Maquinchao  near  the 
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point  where  the  stream  turns  from  a  northerly  to  a  northwesterly 
course  and  where  the  valley  is  a  broad  plain  broken  only  by  low 
hills  and  mesas.  The  line  follows  down  the  valley  toward  the 
interior  basin  of  Lago  Carilanf quen,  passing  several  shallow  lake 
basins  which  are  diy  during  arid  seasons  and  fill  with  water 
when  there  is  more  rain.  The  district  lies  in  that  part  of  the 
transcontinental  section  where  the  rainfall  is  a  minimmn,  as  only 
the  outer  fringes  of  the  rains  from  the  Cordillera  and  from  the 
Atlantic  reach  it.  The  usual  precipitation  is  between  loo  and 
250  millimeters  per  annum,  varying  according  to  the  year.  In 
the  section  of  Marilauf quen  the  tributary  valley  of  Quetriquile 
joins  that  of  Maquinchao  from  the  southwest.  It  carries  a 
beautifully  clear  running  stream,  and  an  extensive  central  sec* 
tion  of  it  some  20  miles  southwest  of  Maquinchao  is  a  rich  mallin 
in  whidi  the  waters  spread  in  the  wide  valley,  being  held  back 
by  narrows  at  a  lower  point  where  the  stream  cuts  through  a 
rocky  ridge.  The  conditions  for  damming  the  Arroyo  Quetri- 
quile and  irrigating  by  its  waters  appear  to  be  exceedingly  favor- 
able, but  no  adequate  study  of  them  has  yet  been  made. 

After  passing  through  the  Marilaufquen  section  of  the 
Estanda  Maquinchao  the  railroad  runs  into  the  valley  of  the 
Arroyo  Guaguel  Niyeu,  which,  like  that  of  the  Maquinchao,  is 
a  broad  flat  characterized  by  many  areas  of  mallin  and  others  of 
gravelly  soil.  The  valley  of  the  Guaguel  Niyeu  extends  west- 
ward some  50  kilometers  to  Huanuluan  and,  especially  in  its 
upper  section,  offers  an  excellent  opportimity  for  the  develop- 
ment of  agriculture  through  cultivation  of  the  ma.11in  in  alfalfa. 
No  alfalfa  fields  have  been  planted  beyond  Maquinchao,  but 
from  an  examination  of  the  soil  and  the  imdergroimd  water 
supply  the  conditions  for  alfalfa  culture  appear  to  be  altogether 
favorable. 

South  and  north  of  the  Arroyo  Guaguel  Niyeu  there  are  vol- 
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canic  plateaus,  that  on  the  north  being  continuous  from  east  to 
west  and  extending  northward  to  the  high  plateau  known  as 
the  Huincul  Mapu,  while  those  to  the  south  are  interrupted  by 
valleys  and  broken  by  peaks  that  represent  the  centers  of  erup- 
tion from  which  the  lavas  flowed.  The  valle3rs  are  of  so  great 
antiquity  that  they  have  been  more  or  less  filled  by  early  Ter- 
tiary sediments  as  well  as  by  later  eruptions  of  ashei?,  which  are 
extensively  covered  with  gravel  deposits.  In  these  soft  white 
strata  the  streams  have  cut  new  channels.  The  broken  surface 
of  the  country  is  favorable  for  stock-raising,  as  it  affords  warm, 
sunny  slopes  well  protected  from  the  winds.  The  rainfall  in- 
creases notably  toward  the  west,  and  the  pastures  become 
richer.  The  native  grasses  grow  well  on  the  plateaus  and  the 
mallins  afford  abundant  winter  feed. 

Near  the  head  of  the  Arroyo  Guaguel  Niyeu  is  located  an- 
other section  of  the  lands  belonging  to  the  Rio  Negro  Land 
Company,  which  is  known  as  the  Estanda  Huanuluan.  The 
block  has  the  same  area  as  each  of  the  others,  beiog  a  square 
20  kilometers  on  each  side,  and  covers  two  branches  and  various 
tributary  valleys  of  the  arroyo,  as  well  as  the  eastem  base  of 
the  high  range  of  Anec6n  Grande. 

The  railroad  follows  the  northern  branch  of  the  Arroyo 
Guaguel  Niyeu,  skirting  the  southem  base  of  the  lava  plateau 
and  ascending  to  a  divide  among  rugged  hills  composed  of  the 
old  granitoid  basement  of  the  continent  At  Huanuluan  the 
altitude  of  the  valley  is  930  meters  above  the  sea,  only  a  little 
more  than  at  Maquinchao  (880  meters),  100  kilometers  farther 
east  But  in  this  western  section  the  high  plateau  attains  1,600 
meters  above  the  sea,  and  many  of  the  peaks  grouped  about 
Anec6n  Grande  range  from  1,800  to  1,900  meters. 


Digitized  by 


Google 


74  NORTHERN  PATAGONIA 

Anecdn  Grande  District 

The  interior  basin  of  Carilauf quen  is  bounded  on  the  west 
by  the  divide  which  encircles  the  headwaters  of  the  Guaguel 
Niyeu  and  separates  that  stream  from  those  which  flow  north- 
ward to  the  Limay  and  also  from  those  that  nm  south  toward 
the  C3iubut.  The  head-springs  of  the  Guaguel  Niyeu  are  in  a 
rugged  moimtain  mass  known  as  £1  Arco^  and  immediately 
beyond  £1  Arco  to  the  west  is  Anec6n  Grande,  the  highest  peak 
in  northern  Patagonia  east  of  the  Andes.  It  gives  its  name  to 
the  siuToimding  district,  comprising  the  drainage  basins  of  the 
Cumallo,  a  tributary  of  the  Limay,  and  to  the  headwaters  of 
the  Rio  Chico,  tributary  to  the  Chubut  and  the  Mamuelchoique, 
which  flows  to  the  southeast.  Anec6n  Grande  thus  stands  at 
the  meeting-point  of  three  divides.  One  extends  from  the  peak 
northeastward  between  the  Guaguel  Niyeu  and  the  Cumallo; 
another  trends  southeastward  between  the  Guaguel  Niyeu  and 
the  Mamuelchoique;  and  the  third,  lying  nearly  east  and  west, 
separates  the  drainage  basins  of  the  Limay  and  the  Chubut. 
We  shall  best  convey  an  idea  of  the  character  of  the  region  by 
describing  the  drainage  basins  that  originate  on  the  Anec6n 
slopes. 

The  Arroyo  Cmnallo  rises  in  several  streams  on  the  north 
and  northwest  sides  of  Anec6n  Grande.  Those  which  have 
received  names  are  the  Arroyo  Anec6n  (the  most  eastem),  the 
Arroyo  or  Cafiad6n  del  Corral,  and  the  main  channel  of  the 
Cumallo,  which  drains  all  the  northwest  side  of  the  moimtain. 
£ach  of  these  streams  heads  at  the  base  of  the  triangular  pyramid 
of  black  volcanic  rock,  some  500  meters  high,  which  constitutes 
the  culminating  peak.  Below  the  precipices  of  columnar  lava 
there  are  long  grassy  slopes  which  extend  in  flat  mesas  for  many 
miles  out  from  the  center.    After  gathering  from  their  head- 
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springs,  the  several  brooks  sink  rapidly  into  canyons  and  flow 
onward  with  lesser  fall  through  mallins,  between  either  gravel 
banks  or  rocky  cliffs.  The  valle)rs  are  wide  where  they  are  cut 
in  soft  tuffaceous  rock,  yet  narrow  here  and  there  where  they 
pass  through  a  ridge  of  underl}dng  granite.  It  is  because  of  two 
such  narrows  where  the  channel  does  not  exceed  10  meters  in 
width  between  vertical  walls  that  the  Cafiad6n  del  Corral  has 
received  its  name,  the  valley  intervening  between  the  narrows 
having  been  inclosed  as  it  were  in  a  corral.  Between  the  Arroyo 
Anec6n  and  the  main  Cimiallo  there  is  a  broad  stretch  of  exceed- 
ingly flat  gravel-covered  plateau,  formed  of  local  volcanic  ma- 
terial washed  down  from  centers  of  eruption  of  which  Anec6n 
Grande  may  have  been  one.  Riding  on  this  plain  the  horseman 
sees  only  a  broad  level  reaching  to  the  distant  higher  hills,  but 
ever  and  anon  he  comes  upon  a  deep  ravine  which  breaks  its  even 
siujace  and  leads  away  the  waters  that  fall  upon  it.  There  are 
several  of  these  ravines,  all  tributaries  of  the  Cumallo. 

The  divide  on  the  east  side  of  the  Cumallo  basin  extends 
from  El  Arco  northeastward,  descending  to  a  pass  at  1,200  meters 
above  the  sea  where  the  railroad  crosses  from  the  Guaguel  Niyeu 
to  the  Arroyo  Anec6n.  North  of  the  pass  is  a  higher  ridge 
(1,400  to  1,600  meters)  of  exceedingly  rugged  old  granitoid 
rocks,  of  which  Cerro  Aspero  forms  the  principal  peak.  A  lit- 
tle farther  northwest,  near  the  point  where  the  Anec6n  joins  the 
Cumallo,  is  another  prominent  height  (elevation  1,357  meters),  a 
volcanic  neck  which  rises  above  the  gravel  plateau  and  from  its 
color  is  known  as  the  Cerro  Negro,  or  from  its  three  simmiits 
as  Las  Tres  Marias.  The  railroad  passes  dose  by  the  bases  of 
Cerro  Aspero  and  Cerro  Negro,  traversing  the  canyons  that  skirt 
them.  Nearer  Anec6n  Grande  are  two  curiously  shaped  heights 
known  as  the  Dromedario  and  the  Camello,  and  on  many  of  the 
tributary  branches  of  the  Anec6n  and  the  Cumallo  there  are 
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sharply  cut  canyons  which  add  to  the  picturesque  attractions  of 
the  region. 

Southward  from  Anec6n  Grande  stretch  extensive  plateaus 
formed  of  young  lavas.  The  eye  ranges  freely  across  the  broad 
and  grassy  expanse,  tracing  the  lines  of  black  canyon  walls  till 
they  disappear  in  the  distance,  where  the  horizon  is  broken  by 
rugged  peaks  and  mesas  that  are  almost  as  high  as  the  central 
mass  of  Anec6n  Grande  itself.  These  hi^  plateaus  and  the 
hills  and  mountains  that  relieve  their  monotony  are  character- 
istic of  the  slope  toward  the  Chubut  It  is  a  r^on  in  which  the 
opposing  forces  of  volcanism  and  erosion,  volcanism  building 
up  and  erosion  cutting  to  pieces,  have  been  active  through  suc- 
cessive geologic  ages.  Anec6n  Grande  belongs  to  some  of  the 
older  eruptions.  The  plateaus  are  covered  by  the  younger 
lavas.  Here  and  there  recent  cinder  cones  or  lava  flows,  which 
still  exhibit  the  broken  but  not  yet  weathered  crust,  mark  the 
latest  episodes  of  volcanic  activity. 

West  of  Anec6n  Grande  the  mesa  slopes  away  to  the  low 
Cumallo  Pass  between  the  western  branch  of  the  Cumallo  and  a 
small  stream  that  flows  through  Valle  Verde  southwestward  to 
the  Arroyo  Las  Bayas,  one  of  the  headwaters  of  the  Rio  Chico. 
Across  this  pass  lies  the  most  convenient  route  from  north  to 
south  in  western  Rio  Negro,  giving  access  from  the  upper  Ciunallo 
to  the  plateaus  east  of  the  Rio  Chico  south  of  the  divide.  The 
route,  however,  can  not  follow  down  either  the  Cumallo  or  the 
Chico,  as  both  streams  enter  deep  canyons. 

Western  Rio  Negro 

West  of  the  Cumallo  and  of  the  pass  at  its  head  there  extends 
from  north  to  south  a  high  range  of  the  old  granitoid  rocks, 
attaining  in  its  summit  peaks  from  1,400  to  1,600  meters  above 
sea.    To  avoid  this  range  the  railroad,  on  leaving  the  basin  of 
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PLATE  IV. 


A.  Plateaus  of  western  Rio  Negro.  View  on  the  divide  northeast  of  Anec6n  Grande  showing  wind  erosion  in  massive  g^ranitc 

dikes. 

B.  Plateaus  of  western  Rio  Negro.  Valley  of  the  Arroyo  Pilcaniyeu  at  the  narrows  where  the  stream  at  th«  je't  of  t?/C  picture 

cuts  through  a  granite  dike.  -    ^   ■*    -  ;  • 
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the  Guagud  Niyeu,  winds  northwestward  down  tributaries  of 
the  Cumallo  and,  crossing  that  stream,  ascends  to  a  low  gap  in 
the  granite  range,  where  it  descends  to  the  valley  of  the  Pilcani- 
yeu.  This  was  one  of  the  most  difficult  sections  of  the  railroad 
to  locate,  as  the  narrow  canyons  of  the  headwaters  of  the  Cumallo 
and  the  high  ranges  by  which  it  is  surroimded  ofiFer  serious  and 
costly  obstacles  to  construction,  requiring  a  long  railroad  line 
to  overcome  the  differences  of  elevation  without  steep  grades. 
A  satisfactory  route  was  found  only  after  extensive  topographic 
surveys  of  the  entire  region  had  been  made  and  several  pre- 
liminary lines  had  been  surveyed. 

In  the  valley  of  the  Pilcaniyeu,  which  flows  northward,  and 
in  its  counterpart  the  Arroyo  Escondido,  which  runs  southward, 
the  basins  and  narrows  that  are  characteristic  of  the  streams 
north  of  Anec6n  Grande  are  also  represented.  The  r^on  is  one 
in  which  old  valle3rs  have  been  filled  with  volcanic  tuffs  and  the 
streams  superimposed  upon  the  tuffs  have  excavated  wide  basins 
in  the  soft  deposits  and  cut  canyons  across  the  hard  ridges.  The 
valle)^  themselves  are  floored  with  gravel  deposits  or  occupied 
by  rich  maUins.  They  lie  at  an  elevation  of  900  to  1,000  meters 
above  the  sea,  and,  as  they  carry  a  peculiarly  good  growth  of 
native  grasses,  they  constitute  a  desirable  grazing  district.  The 
property  of  the  Estanda  Pilcaniyeu,  a  section  of  the  Southern 
Land  Company  of  Argentina,  occupies  16  l^guas,  or  about 
10,000  acres,  in  the  valley  and  on  the  adjacent  hills.  Although 
one  of  the  smaller  properties  in  this  r^on,  it  has  been  particu- 
larly well  managed  and  is  one  of  the  most  successful.  The 
railroad  station  at  Pilcaniyeu  is  situated  in  the  lower  valley  near 
the  estanda  house.  Three  kilometers  farther  up  is  the  narrows 
on  the  Arroyo  Pilcaniyeu,  represented  in  Plate  IV,  beyond  which 
the  valley  again  widens  out.  From  the  several  heads  of  the 
stream  low  passes  open  toward  the  southeast  and  southwest, 
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giving  easy  access  to  the  valley  of  the  Arroyo  Las  Bayas  in  one 
direction  and  to  the  PichileiLfu  in  the  other.  All  about  in  the 
mountains  there  are  secluded  sunny  valleys  sheltered  by  the 
higher  slopes.  The  mallins  throughout  the  valley  of  Pilcaniyeu 
are  adapted  to  cultivation,  but  as  yet  there  has  been  little  attempt 
at  growing  auxiliary  pasture  crops. 

The  Arroyo  Pilcaniyeu  is  a  tributary  of  the  Rio  Pichileufu, 
which  rises  in  the  Andes  south  of  Lago  Nahuel  Huapf  and  flows 
northward  for  loo  kilometers  parallel  to  the  Limay,  into  which 
it  eventually  empties.  Between  the  Pichileufu  and  the  Limay 
is  a  narrow  section  of  high  plateau  region,  which  is  cut  off  from 
the  eastern  areas  by  the  Pichileufu,  but  which  retains  the  char- 
acteristic vegetation  of  bimch  grass  and  in  other  respects  is 
typically  a  part  of  the  Pampas. 

On  the  upper  Pichileufu  and  on  the  slope  toward  Lago  Nahuel 
Huapf  there  is  a  new  feature  which  is  characteristic  of  the  foot- 
hills of  the  Andean  Cordillera.  It  consists  in  high  ridges  and 
extensive  terraces  composed  of  glacial  gravels.  In  all  the  coun- 
try from  the  Atlantic  westward  across  the  Pampas  to  this  point 
there  is  no  trace  of  glacial  deposits  or  glacial  sculpture.  Even 
on  the  high  peak  of  Anec6n  Grande  the  forms  of  the  ridges  and 
valleys  are  those  developed  by  running  water,  aided  by  the  winds, 
and  the  characteristic  marks  of  gladation  are  entirely  lacking; 
but  on  the  divide  between  the  Pichileufu  and  Lago  Nahuel  Huapf 
and  on  the  upper  waters  of  the  Pichileufu,  where  it  issues  from 
the  spurs  of  the  Andes,  there  are  glacial  deposits  of  great  mag- 
nitude and  extent.  They  correspond  in  volimie  with  the  very 
deep  lake  basins  excavated  in  the  older  Andean  valle}^.  Thus 
on  crossing  this  divide  we  enter  upon  a  region  which,  though  we 
have  not  reached  the  Andes,  is  distinctly  different  in  topo- 
graphic character  from  the  eastern  plateaus.  The  divide  itself 
runs  in  part  over  rocky  hills,  but  between  them  it  follows  high 
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embankments  of  gravel,  which  are  crowned  by  huge  boulders. 
These  are  the  outer  moraines  of  an  extensive  glacier  that  occupied 
the  basin  of  Nahuel  Huapf  and  extended  to  this  eastern  limit 
during  an  early  glacial  epoch.  In  descending  from  the  gravel 
ridge  toward  the  lake  we  pass  over  steep  slopes  of  gravel  alter- 
nating with  wide  terraces  on  most  of  which  there  are  deposits 
of  sand  or  fine  soil.  Abandoned  valle}^  testify  to  streams  which 
formerly  flowed  through  them  but  which  have  adopted  other 
channels,  and  the  aspect  of  the  topography  bears  witness  to  the 
advance  and  retreat  of  the  glader  that  covered  the  r^on. 
Upon  these  ridges  and  terraces  is  situated  the  estanda  of  San 
Ram6n,  the  property  of  a  German  prince. 

The  east  end  of  Lago  Nahuel  Huapf  reaches  into  the  district 
where  the  rainfall  is  inadequate  to  support  the  growth  of  trees 
in  the  gravelly  soils.  The  scenery  about  that  end  of  the  lake  is 
therefore  typical  of  the  Pampas.  The  hills  are  covered  by  a 
strong  growth  of  bimch  grass;  the  gravel  ridges,  even  to  the 
shores  of  the  lake,  bear  the  neneo  {Mulinum  trifurcatum)^  a  plant 
characteristic  of  arid  soils.  Running  water  in  the  valleys  may  be 
traced  by  the  characteristic  green  of  the  mallins,  and  only  along 
the  larger  streams  is  there  a  growth  of  small  trees,  of  spedes  pecul- 
iar to  the  Cordillera.  Thus,  even  at  the  very  foot  of  the  Andes, 
the  Pampa  persists  with  all  its  typical  characteristics.  It  is  but  a 
step  from  the  grassy  plateaus  to  the  forest-covered  moimtains. 
At  a  glance  the  eye  sweeps  from  the  grassy  brown  slnpes  and  th^ 


dark  cliffs  of  Cerro  Carmen,  at  the  outlet  of  Lago  Nahuel  Huapf, 
^ong  the  course  of  the  lake  to  the  dark-green  forests  of  cipr^s  and 
Andean  beech,  and  beyond  them  to  the  snow-covered  peaks  of 
the  Cordillera.  Upon  the  traveler  who  has  ridden  across  the 
bare,  windy  Pampas  and  traversed  the  monotony  of  the  semi-arid 
valleys  and  high  plateaus,  this  view  of  the  great  ranges  among 
whose  forests  lies  the  historic  lake  of  Nahuel  Huapf  makes  an 
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impression  of  scenic  contrast  and  beauty  that  is  difficult  to  con- 
vey in  words.  Behind  him  lies  inhospitable  monotony;  before 
Him  a  region  rich  in  beautiful  scenery  and  suited  by  its  climate^ 
water  powers,  and  natural  resources  to  be  the  seat  of  a  prosper- 
ous state. 

Resources  and  Industries 

The  resources  of  the  Pampa  region  of  Rio  Negro  lie  in  its 
waters,  soils,  and  native  vegetation  and  also  in  its  agricultural 
and  pastoral  products.  Water  is  the  basal  element  upon  which 
all  others  depend,  for  without  it  the  soils  are  improductive  and 
neither  vegetation  nor  animals  can  exist.  In  hmnid  climates, 
where  water  is  plentiful,  this  fimdamental  relation  is  likely  to 
be  overlooked  and  the  value  of  land  is  fixed  rather  by  the  quality 
of  the  soils  than  by  the  abimdance  of  water;  but  in  a  semi-arid 
region  water  is  the  critical  element,  because  it  is  limited  in  quan- 
tity, and  its  limitation  is  the  limitation  of  all  products  of  the 
region.  A  thorough  investigation  of  the  water  resources  of  the 
Pampas  is  therefore  a  prime  requisite  in  the  study  of  their  future 
settlements  and  industries. 

Water  Resources 

In  any  region  whatsoever  all  the  waters  are  derived  from  the 
rainfall — ^in  some  regions  from  the  rainfall  of  the  immediate 
vicinity,  in  others  from  that  of  more  or  less  distant  districts, 
the  water  gathering  in  streams  or  filtering  imdergroimd  imtil  it 
is  brought  within  reach  at  a  locality  which  may  be  far  from  the 
place  where  it  originally  fell  as  rain.  The  amoimt  of  rainfall 
(or  rather  of  precipitation,  which  means  both  rainfall  and  snow- 
fall) that  may  contribute  to  the  water  supply  of  a  coimtry  is 
therefore  the  first  thing  to  be  determmed  in  studying  its  water 
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resources.  To  this  end  constant  observations  continued  tlirough 
long  terms  of  years  are  essential  and  should  be  carried  out  by  a 
competent,  well-trained  service.  The  Meteorological  Bureau 
of  Argentina,  foimded  by  Dr.  B.  A.  Gould  in  1872  and  carried 
on  by  Mr.  Walter  G.  Davis,  his  successor  in  the  directorship, 
has  caused  observations  of  rainfall,  temperature,  humidity,  and 
winds  to  be  made,  so  far  as  has  been  practicable,  at  a  large  num- 
ber of  stations  throughout  Argentina,  and  some  of  these  stations 
have  been  located  in  Patagonia.  Unfortunately  the  conditions 
have  not  been  favorable  for  continuous  work  in  that  coimtry. 
The  funds  have  not  been  sufficient  to  maintain  a  large  number 
of  stations  nor  to  pay  competent  observers  for  service  in  the 
remote  and  isolated  localities  of  the  unsettled  territories.  The 
work  has  therefore  been  reduced  to  its  simplest  terms  and  has 
necessarily  been  intrusted  to  observers  who  receive  a  small  com- 
pensation. Their  residence  determines  from  time  to  time  the 
places  at  which  the  observations  should  be  made.  Under  these 
circumstances  the  service  has  been  subject  to  many  vicissitudes 
involving  changes  of  observers  and  of  positions  of  observing 
stations.  Yet  even  the  discontinuous  records  thus  obtained 
serve  to  illustrate  some  of  the  principal  f eatiures  of  the  climate. 

The  table  on  page  83  is  taken  from  the  report  published  by 
the  meteorological  office  in  1910.'  It  shows  the  mean  annual  rain- 
fall at  nine  stations  in  the  Territory  of  Rio  N^ro,  six  in  Neu- 
qudn,  and  two  in  Chubut  The  order  of  the  stations  is  changed 
from  that  in  the  report  cited,  as  they  are  rearranged  in  geo- 
graphic sequence,  proceeding  from  San  Antonio  north  to  Conesa, 
on  the  Rio  Negro,  and  then  up  the  valley  of  the  Rio  Negro  by 
Qioele-Choel,  Chichinales,  and  Chelforo  to  Limay,  the  last- 
named  being  near  the  confluence  of  the  Limay  and  the  Neuqudn 
rivers.  Taking  a  long  step  toward  the  west,  to  the  foot-hills  of 
the   Cordillera,   the  sequence   then   follows:   Huechulaufquen, 
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Jxinfn  de  los  Andes,  San  Martin  de  los  Andes,  Lago  Traful,  and 
Bariloche.  The  stations  follow  in  the  order  named,  southward 
down  the  Andes.  The  list  concludes  with  two  stations  farther 
south,  namely,  Cholila  and  i6  de  Octubre. 

The  line  of  stations  thus  starts  from  the  eastern  coa^t  of  the 
Territory  of  Rio  Negro,  proceeds  up  the  Rio  Negro  valley  across 
the  Territory  to  Neuqu6i,  and,  reaching  the  Andes,  extends 
southward  in  the  eastern  part  of  the  Cordillera  into  Chubut. 
This  distribution  leaves  the  central  portion  of  the  Territory 
unrepresented,  and  data  are  lacking  for  some  of  the  more  arid 
districts,  as  well  as  for  all  the  high  plateau  regions  where  the 
precipitation  is  imdoubtedly  heavier.  It  will  also  be  observed 
that  these  records  are  continuous  only  for  a  few  years,  the  long- 
est term  being  from  i80  to  1907,  when  the  service  was  main- 
tained at  16  de  Octubre.  It  was  not  discontinued  there  after 
1907,  nor  at  various  other  points,  but  the  records  of  later  years 
have  not  been  published  and  are  not  now  available. 

This  table  gives  the  mean  annual  rainfall  for  the  term  of 
years  covered  by  the  observations.  We  have  also  the  records 
of  successive  years  at  any  one  place  and,  comparing  them,  we 
find  that  there  are  great  variations  from  year  to  year.  At  Buenos 
Aires,  where  records  have  been  kept  since  1861,  the  annual  rain- 
fall has  been  as  little  as  540  millimeters  and  has  risen  to  2,000 
millimeters.  Fig.  i  shows  the  grouping  of  these  fluctuations 
and  the  extraordinary  excesses  of  certain  years.  It  is  a  fact 
now  generally  recognized  by  students  of  climatology  that  pre- 
cipitation varies  periodically,  the  amoimt  becoming  greater  or 
less  in  the  course  of  short  periods  of  three  or  four  years^  duration 
and  culminating  in  excessive  abimdance  or  scarcity  at  longer 
intervals,  which  may  range  between  twelve  and  twenty  years. 
Extended  studies  of  these  climatic  variations,  both  in  the  United 
States  and  Argentina,  have  recently  been  made  by  Dr.  F.  H. 
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Eastern  foot-hills  of  the  Andes.  Loma  del  Arco,  near  Barfloche.  An  anticlinal  fold  in  early  Tertiary  tuffs  and  marine 
sediments,  probably  equivalent  to  the  Patagonian  formation. 

Lago  Nahuel  Huapf  at  the  outlet.  The  Rio  Limay  issues  from  the  lake  and  flows  toward  the  northeast  with  an  average 
volume  of  something  more  than  ^oo  cubic  meters  per  second.  On  the  ri^ht  of  the  picture,  above  the  houses,  rises  the  ter- 
minal moraine  of  the  latest  glacial  epoch,  which  encloses  the  lake,  and  m  the  distance  are  the  spurs  of  the  Andes  which 
lie  between  Lago  Nahuel  Huapf  and  Lago  Traful.  The  locality  is  just  outside  of  the  forest  zone  and  bears  the  vegeta- 
tion characteristic  of  the  gravelly  soib  of  the  glacial  deposits. 
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Bigelow,  formerly  of  the  United  States  Weather  Bureau  and  now 
connected  with  the  Argentine  service.  A  tentative  conclusion, 
which  has  yet  to  be  fully  verified  but  which  is  regarded  as  approx- 
imately correct,  is  that  the  interval  between  two  minima  or  two 
maxima  of  annual  rainfall  in  those  coimtries  is  three  and  three- 
quarters  years.  This  figure  refers  to  the  minor  fluctuations  and 
is  a  general  result  from  which  the  rainfall  in  any  particular 
locality  may  depart,  even  though  the  fluctuations  for  a  large 
region  should  as  a  whole  follow  the  rule.  The  longer  period 
between  the  great  extremes  of  least  and  greatest  rainfall  has  not 
yet  been  observed  adequately  to  determine  its  probable  dura- 
tion, beyond  the  general  statement  already  made.  The  most 
that  can  be  said  at  present  is  that  extreme  conditions  are  likely 
to  reau:  every  twelve  or  fifteen  years,  but  the  reciurences  may 
sometimes  depart  rather  widely  from  this  interval.  Neverthe- 
less, it  is  a  definite  advantage  to  recognize  that  such  fluctuations 
toward  drought  or  toward  hiunidity  are  characteristic  and  that 
they  do  not  indicate  a  general  trend  of  climatic  change. 

Throughout  Patagonia  the  years  of  1899  and  1900  were 
characterized  by  epoch-marking  floods.  In  the  colony  of  Chubut 
the  fields  which  had  been  imder  irrigation  for  several  decades 
were  almost  destroyed.  In  Rio  Negro  the  arroyos  and  lakelets 
were  filled,  the  maUins  were  converted  into  swamps,  and  plains 
which  are  now  arid  became  rich  meadows.  The  heavy  rainfall 
was  not  confined  to  one  year  but  extended  over  several,  and  as 
the  vegetation  responded  the  aspect  of  the  coimtry  was  materially 
changed.  In  the  ten  or  twelve  years  which  succeeded  this 
period,  up  to  1911  or  1912,  the  annual  variations  of  rainfall 
tended  on  the  whole  toward  a  smaller  precipitation.  In  the  last 
year  or  eighteen  months  there  has  been  more  rain,  and  reports 
for  the  winter  of  1913  are  to  the  effect  that  the  rains  have  been 
unusually  heavy.    It  is  not  to  be  assumed  that  drier  years  will 
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not  succeed,  yet  it  is  probable  that  the  extreme  drought  of  1908 
to  1 910  will  not  soon  be  equaled. 

The  rainfall  in  any  year  may  readily  amount  to  200  per  cent 
or  more  of  the  minimum — ^that  is,  the  rainfall  in  one  year  may 
be  double  that  in  another.  At  Buenos  Aires  the  maximum  rain 
of  1900  was  nearly  four  times  the  extreme  minimum  of  1893. 

It  is  apparent  from  these  facts  that  observations  of  but  a 
few  years  afford  only  an  approximate  measiure  of  the  mean  rain- 
fall, and  that  account  must  be  taken  of  material  fluctuations 
from  that  amount.  Nevertheless  the  mean  precipitation  is 
necessarily  the  basis  of  any  general  consideration  of  the  resoiurces 
which  depend  upon  the  water  available. 

The  annual  rainfall  at  San  Antonio  has  been  calculated 
for  the  years  1900  to  1908,  1910,  and  191 1,  the  record  for 
1909  being  incomplete.  It  varied  from  303  miUimeters  in 
1900  to  but  70  millimeters  in  1908.  It  increased  in  1910 
and  reached  more  than  217  millimeters  in  1911.  At  this 
place  the  minor  cycle  of  fluctuation  is  represented  by  lesser  and 
greater  amounts  every  third  or  foiuth  year,  and  the  general 
diminution  in  precipitation  from  1900  to  1908  is  clearly  marked. 
The  increase  through  the  years  1910,  1911,  and  1912  and  up  to 
the  date  of  writing  in  1913  appears  definitely  to  mark  a  swing  of 
the  pendulum  in  the  other  direction.  The  situation  of  San 
Antonio,  on  the  Atlantic,  where  the  precipitation  is  derived  largely 
from  that  ocean,  makes  this  record  significant  for  a  zone  in 
eastern  Rio  N^ro  which  extends  as  far  west  as  Corral  Chico, 
200  kilometers  west  of  San  Antonio,  and  possibly  100  kilometers, 
more  or  less,  beyond  that.  It  is  doubtful  if  the  influence  of 
the  Atlantic  rains  is  felt  at  Maquinchao,  although  it  may  be 
occasionally.  This  being  so,  the  observations  at  San  Antonio 
may  be  applied  to  the  study  of  the  water  resoiures  of  eastern 
Rio  N^gro,  and  they  have  been  used  in  that  manner  in  the 
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investigation  of  the  Arroyo  Valcheta  and  its  usefulness  as  a 
source  of  water  supply  for  the  raikoad  and  for  the  dty  of  San 
Antonio. 

Another  factor  that  enters  into  the  distribution  of  the  rain- 
fall in  the  particular  case  of  the  Arroyo  Valcheta  and  also  in 
general  throughout  Rio  Negro  is  the  distribution  of  the  greater 
elevations  of  the  r^on.  It  has  been  stated  in  the  geographic 
description  that  a  volcanic  plateau  which  rises  from  1,000  to 
iy20o  meters  or  more  above  the  sea  and  supports  simmiits  still 
higher  extends  from  east  to  west  across  southeastern  Rio  Negro. 
This  plateau  lies  across  the  path  of  the  air  currents  that  blow  in 
from  the  Atlantic,  and  its  altitude  is  sufficient  to  materially 
affect  the  precipitation  upon  its  surface.  It  may  reasonably  be 
considered  probable  that  the  precipitation  in  the  higher  part  of 
the  plateau  is  double  that  which  falls  at  San  Antonio. 

The  heavier  rainfall  on  the  plateau  and  the  storage  of  the 
waters  in  the  lava  masses  maint.ain  the  streams  th^  flow  into 
the  Bajo  de  Valcheta  and  distinguish  that  basin  as  a  district 
available  for  settlement  from  the  Bajo  del  Gualicho,  lying  farther 
northeast,  which  at  certain  seasons  is  practically  waterless. 
The  rainfall  in  the  Bajo  del  Gualicho  has  never  been  observed 
but  is  probably  as  little  as  in  any  other  part  of  eastern  Rio  Negro. 
It  is  probably  much  less  than  that  at  San  Antonio,  Conesa,  or 
Choele-Choel,  all  of  which  range  about  the  mean  of  200  to  250 
millimeters  per  annum.  San  Antonio  lies  southeast  of  the  Bajo 
del  Gualicho,  Conesa  northeast  of  it,  and  Choele-Choel  near  its 
northwest  end.  Both  San  Antonio  and  Conesa  lie  nearer  the 
storm  tract  of  the  Atlantic  coast  and  for  this  reason  are  in  the 
path  of  moister  air  currents.  Choele-Choel  lies  far  to  the  west 
of  the  coast  but  is  in  the  valley  of  the  Rio  Negro,  and  while  its 
general  position  might  lead  one  to  expect  a  lighter  ndnfaU  than 
that  of  localities  farther  east,  the  fact  that  it  is  in  the  river  valley 
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perhaps  has  some  iilflueiice  in  giving  it  a  greater  precipitation 
than  is  received  by  the  neighboring  plateaus.  We  here  touch 
upon  the  mooted  question  of  the  influence  of  local  conditions, 
and  e^)ecially  of  vegetation,  upon  rainfall.  It  is  argued  that 
the  presence  of  vegetation,  e^)ecially  of  forests,  increases  pre- 
cipitation, whereas  the  removal  of  the  foliage  is  followed  by  a 
decrease  in  rainfall.  The  fact  appears  to  be  that  the  effect  of 
vegetation  is  a  minor  one  among  the  influences  which  determine 
the  amount  of  rainfall  and  is  of  little  importance  in  regions  over 
which  pass  strong  air  currents  heavily  laden  with  moistiure.  In 
such  regions  rain  will  fall  whether  the  surface  be  clothed  with 
forests  or  cultivated  crops  or  lie  fallow,  for  the  radiation  of  heat 
from  the  groimd  is  insufficient  to  dissolve  the  excess  of  humidity 
suspended  in  the  air;  but  a  very  different  relation  exists  where 
the  air  currents  are  so  slightly  charged  with  moisture  that  there 
is  little  tendency  for  it  to  fall  as  rain.  Then  the  cooler  tem- 
peratiures  which  prevail  over  a  wooded  area,  or  even  the  slight 
coolness  that  is  induced  by  herbage,  in  contrast  to  the  intense 
heat  that  is  radiated  by  bare  ground,  may  suffice  to  determine 
that  rain  shall  fall,  whereas  over  the  barren  areas  the  upper  air 
may  be  heated  to  dryness  and  pass  on  without  a  shower. 

Although  shrubs  grow  on  the  plateaus  all  about  the  Bajo 
del  Gualicho  and  grasses  spread  where  moisture  seeps  into  the 
plain  the  vegetation  is  exceedingly  sparse  or  entirely  lacking 
over  large  areas  in  the  basin,  and  the  radiation  from  the  hot 
sands  and  stony  flats  is  intense.  Thus  a  colimm  of  hot  air  rises 
from  the  Bajo  and  probably  materially  lessens  the  precipitation 
over  that  area.  About  the  fertile  districts  of  Gioele-Gioel,  on 
the  contrary,  moistiure  is  abundant  in  the  valley,  there  are  wide- 
spread green  fields,  and  the  air  above  the  district  is  less  repellent 
to  the  passing  clouds. 

Westward  beyond  the  zone  of  the  Atlantic  rains  the  interior 
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of  Rio  N^ro  becomes  drier.  Maquinchao  is  probably  situated 
in  the  driest  section  of  northern  Patagonia,  where  the  influence  of 
the  Atlantic  rain  or  the  rains  from  the  Cordillera  is  rarely  felt 

All  about  the  headwaters  of  the  Arroyo  Maquinchao  and  the 
Quetriquile  extends  a  highland  which,  like  that  of  Somuncuri, 
catches  a  heavier  precipitation  than  would  otherwise  fall  in  this 
locality  and  thus  feeds  the  valle3rs  below.  It  is  interesting  to 
remark  that  the  plateaus  lying  north  of  Maquinchao  and  extend- 
ing to  the  Rio  Limay  do  not  appear  to  serve  the  lower  lands 
with  water  in  the  same  way.  This  difference  is  due  in  part  to 
the  fact  that  they  may  not  receive  as  much  rainfall,  but  it  also 
results  from  the  less  extent  of  lavas,  which  serve  as  reservoirs 
in  the  southern  plateau. 

The  moimtain  center  of  Anec6n  Grande,  situated  100  kilo- 
meters west  of  Maquinchao,  lies  within  the  outer  zone  of  the 
Cordilleran  rains,  where  the  mean  annual  precipitation  is  350 
to  500  miUimeters  or  more.  Throughout  the  belt  extending 
from  Anec6n  Grande  westward  to  the  Andes  there  is  a  striking 
difference  in  the  growth  of  the  grasses  and  shrubs,  whose  lux- 
uriance about  the  slopes  of  the  mountains  and  in  the  adjacent 
plateaus  plainly  indicates  more  abundant  moisture  than  exists 
in  the  r^on  east  of  this  belt. 

The  average  amounts  of  precipitation  which  are  indicated  as 
falling  at  the  several  localities  cited  in  the  preceding  tables  rep- 
resent the  total  depth  of  the  water  that  would  gather  diuing 
the  year  in  an  inclosed  receptacle  which  did  not  leak  and  from 
which  there  was  no  evaporation.  It  is  evident  that  these  con- 
ditions do  not  exist  in  the  ground,  where  both  leakage  and  evap- 
oration occur. 

Rainfall  divides  into  three  parts  upon  reaching  the  ground 
or  soon  afterward.  A  portion  of  it  runs  off  into  the  surface 
streams  and  is  known  as  mn^f;  another  portion  evaporates; 
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and  a  third  percolates  into  the  subsoil  and  the  underlying  rocks. 
That  which  quickly  runs  off  we  see  in  the  swollen  streams;  that 
which  evaporates  we  do  not  see,  but  by  observing  how  the  soil 
dries  out  we  may  realize  that  evaporation  is  taking  place;  that 
which  sinks  into  the  subsoil  and  percolates  slowly  undergroimd 
feeds  the  springs  and  maintains  the  more  constant  volume  of  the 
streams. 

In  Rio  N^gro  the  run-off  is  a  minimum  and  the  rainfall  prac- 
tically divides  into  that  part  which  evaporates  and  that  part 
which  percolates  underground.  The  run-off  is  an  exceedingly 
small  proportion,  because  the  ground  is  generally  dry  and  quickly 
absorbs  the  little  rills  that  gather  upon  the  surface  after  a  shower. 
The  waters  do  not  trickle  far  before  they  sink  into  the  ground, 
yet  such  is  the  capacity  of  the  superficial  soil  to  absorb  a  large 
quantity  that  as  a  rule  but  little  moistiure  penetrates  into  the 
subsoil  and  imderlying  rocks.  Thus  in  general  over  the  great 
plains  and  plateaus,  except  where  they  are  covered  by  broken 
lava,  most  of  the  rainfall  remains  in  the  upper  soil,  within  the 
zone  of  evaporation.  The  exception  that  must  be  made  of  the 
lava-covered  plateaus  needs  to  be  emphasized.  The  rainfall, 
and  e^)ecially  the  snowfall,  which  gathers  upon  the  uneven  sur- 
face of  the  lava  sinks  into  innumerable  crevices  between  the 
rocks,  which  in  cooling  and  shrinking  separated  into  distinct 
blocks.  From  the  time  of  eruption,  once  they  had  cooled, 
these  vast  lava  sheets  of  the  high  plateaus  have  been  cut  in  every 
direction  by  fissures,  which,  though  exceedingly  thin,  are  very 
numerous  and  represent  in  the  aggregate  a  very  large  volume  of 
space.  Near  the  top  the  fissures  are  wider  than  they  are  lower 
down,  and  thus  they  are  adapted  to  receive  quickly  but  to  de- 
liver only  slowly  the  water  that  falls  upon  the  surface.  In  these 
plateaus,  therefore,  the  relation  of  evaporation  to  percolation 
is  the  reverse  of  the  relation  in  the  plains  that  are  covered  with 
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soil  and  gravel.  The  proportion  that  evaporates  is  small,  and 
the  proportion  that  percolates  deep  into  the  lavas  is  large. 

Of  the  three  separate  portions  of  the  total  rainfall  the  im- 
mediate run-off  is  a  waste  and  often,  when  sufficient  to  consti- 
tute floods,  occasions  great  losses.  That  which  evaporates  is  a 
direct  loss.  In  contrast  to  these  two,  that  which  percolates 
into  the  soil  and  remains  within  reach  of  the  roots  of  plants,  or 
which,  sinking  deeper,  is  delivered  at  lower  levels  to  springs  and 
maintains  the  more  constant  flow  of  streams,  is  the  portion  that 
serves  the  various  uses  man  has  for  water.  The  fact  that  imme- 
diate run-off  is  scanty  in  Rio  Negro  is  advantageous,  but  it  is 
an  advantage  which  is  more  than  balanced  by  the  excessive 
proportion  which  evaporates. 

The  accompanying  diagram  (Fig.  2)  is  designed  to  illus- 
trate the  relation  between  rainfall  and  evaporation  during  an 
average  year  at  San  Antonio,  according  to  the  available  data  of 
observed  mean  monthly  rainfall  and  estimated  monthly  evap- 
oration.*  The  bottom  line  is  divided  into  12  spaces  to  represent 

*The  foUowiDg  are  the  monthly  values,  the  rainfall  being  taken  from  the  report  on 
the  climate  of  Argentina  by  Walter  G.  Davis,  1910,  page  97,  and  the  evaporation  having 
been  calculated  by  Professor  F.  H.  Bigelow,  of  the  Argentine  Weather  Bureau. 

RAINFALL  AND  EVAPORATION  AT  SAN  ANTONIO 
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the  twelve  months  of  the  year,  from  March  to  February.  The 
year  is  made  to  begin  with  March  because  that  is,  in  Rio  N^gro, 
the  beginning  of  the  rainy  season,  which  lasts  some  five  months, 
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FIG.  2.    ANNUAL  RAINFALL  AND  EVAPORATION  AT  SAN  ANTONIO,  RIO  NEGRO, 

1902-1907 

diuJng  which  moisture  accumulates  in  the  soil,  whereas  during 
the  succeeding  seven  months,  from  August  to  February,  the 
proportion  of  rain  which  falls  is  less  and  the  drought  becomes 
gradually  more  severe.  This  division  into  rainy  and  dry  sea- 
sons is  not  fixed.  Rains  sometimes  b^in  in  February  or  are 
delayed  until  May,  and  in  some  years  there  are  rains  in  Septem- 
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ber  and  October  which  are  sufficiently  heavy  to  be  of  very  great 
advantage  to  the  growing  crops.  Disregarding  these  differ- 
ences of  one  year  from  another,  the  lower  of  the  two  curves  adds 
together  the  mean  rainfall  at  San  Antonio  month  by  month  and 
shows  how,  starting  with  nothing  at  the  beginning  of  March, 
there  would  gather  during  the  year,  on  the  average,  a  depth  of 
205  millimeters  of  water  in  a  basin  from  which  there  should  be 
no  evaporation. 

The  upper  curve  adds  up  the  amoimt  of  water  which  would 
evaporate  month  by  month  from  a  water  body  imder  natural 
conditions,  or  from  the  surface  of  the  groimd  continually  kept 
moist  by  water  rising  from  below.  We  see  at  once  that  this 
theoretical  evaporation  is  greatly  in  excess  of  the  actual  ndnf alL 
In  a  year  it  is  1,186  millimeters,  whereas  the  rainfall  is  only 
205  millimeters — ^that  is  to  say,  the  evaporation  would  be  nearly 
six  times  the  rainfall  if  the  water  were  supplied  to  maintain  it. 
Hence  it  is  obvious  that  the  total  rainfall  would  be  quickly  lost 
by  evaporation  if  it  remained  near  the  surface,  within  the  reach 
of  that  capillary  attraction  which  draws  the  moisture  up  be- 
tween the  grains  of  the  soil.  Such  is  the  fact  in  large  districts 
of  Rio  N^;ro,  where  imder  natural  conditions  all  or  very  nearly 
all  of  the  moisture  which  falls  is  soon  restored  to  the  atmosphere, 
leaving  the  groimd  dry  again. 

If  we  compare  the  rainfall  and  the  theoretical  evaporation 
month  by  month  we  see  that  in  roimd  numbers  the  monthly 
evaporation  is  from  two  to  thirty-six  times  as  great  as  the 
monthly  rainfall.  The  ratio  is  least  in  April,  May,  and  June, 
the  months  of  late  autimm  and  early  winter,  and  greatest  in 
December.  At  first  sight  it  may  not  seem  to  make  any  differ- 
ence whether  the  theoretical  evaporation  is  two  times  or  thirty- 
six  times  as  great  as  the  rainfall,  for  all  the  moisture  which  could 
evaporate  would  be  taken  in  either  case;  but  there  is  a  differ- 
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ence  in  the  immediateness  of  the  drying  out.  During  and  for 
a  longer  or  shorter  time  after  a  rain  the  conditions  are  less 
favorable  to  evaporation  than  is  indicated  by  the  average 
monthly  proportion,  and  the  falling  water  percolates  into  the 
soil.  It  sinks  deeper  and  stays  longer  when  evaporation  is  less 
intense.  Whatever  proportion  accumulates  in  the  subsoil  does  so 
during  the  autimm  and  winter.  By  December  and  January  it 
has  been  drawn  to  the  surface  and  exhausted  or  has  simk  deep 
beyond  the  reach  of  capillary  attraction. 

We  may  trace  these  conditions  in  the  adaptation  of  the 
plants.  The  alfilerillo  {Erodium  cicutarium  L'Her«)>  appears  like 
magic,  after  a  shower,  as  a  tiny  green  sprout  and,  growing 
rapidly,  quickly  covers  the  most  arid  places  with  its  circular, 
flat  clusters  of  deeply  serrate  leaves.  If  the  shower  which  stirs 
the  life  in  the  seeds  is  not  repeated,  the  growth  is  very  slight, 
yet  the  plant  seems  tenacious  of  life  and  lingers  till  further  rains 
enable  it  to  flourish.  It  matiures  quickly  and  spreads  its  innu- 
merable winged  seeds  with  corkscrew  appendages  to  recarpet 
the  desert  in  the  succeeding  year.  The  season  of  growth  of  the 
alfilerillo  is  chiefly  during  September  and  October.  In  November 
it  matiures  and  soon  after  dries  up.  It  has  adapted  its  season  to 
the  time  of  least  evaporation  with  sufficient  simshine.  August, 
the  last  month  of  the  winter  cold,  is  also  a  month  of  very  slight 
precipitation.  During  September  and  October  the  sunshine  is 
warmer  and  the  rain  is  more  abimdant;  then  the  plants  grow.  In 
November  evaporation  begins  to  be  powerful:  the  upper  layers 
of  the  soil  dry  out,  the  alfilerillo  matiures,  and  with  the  heats  of 
December,  its  task  of  seeding  accomplished,  it  withers  and  dies. 

The  alfilerillo  roots  in  the  superficial  soil.  Its  growth  is  too 
transient  to  penetrate  widely  or  deeply,  but  other  plants  have 
found  a  different  adaptation  in  that  they  spread  or  sink  their 
roots  in  search  of  water.    These  are  strong  shrubs. 
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If,  after  this  consideration  of  the  condition  of  rainfall  and 
evaporation,  we  ask  why  Rio  Negro  seems  a  desert,  the  answer 
is  obvious.  It  is  because  evaporation  is  several  times  as  intense 
as  rainfall,  and  the  conditions  of  the  soil  are  such  that  but  little 
of  the  rainfall  escapes  beyond  the  reach  of  evaporation.  We 
cannot  increase  the  rainfall  nor  can  we  diminish  the  intensity 
of  the  sun,  the  dryness  of  the  air,  or  the  drying  power  of  the 
winds,  which  combine  to  make  evaporation  so  efficient.  We 
can,  however,  by  appropriate  methods  of  cultivation,  change 
the  conditions  of  the  soil  and  enable  a  larger  proportion  of  the 
rainfall  to  sink  into  a  layer  where  it  shall  be  beyond  the  reach  of 
evaporation  and  yet  shall  remain  available  for  useful  plants. 
Whether  it  would  be  profitable  to  do  so  at  any  particular  locality 
depends  upon  the  cost  of  labor  and  the  value  of  the  herds  to  be 
carried  on  the  pastiure. 

The  local  conditions  of  rainfall  and  evaporation  sufficiently 
explain  the  general  absence  of  running  streams  in  the  plains  of 
Rio  N^ro.  The  springs  are  small  because  only  a  small  part 
of  the  meager  rainfall  feeds  them,  and  the  rivulets  that  flow  from 
them  are  short  because  they  are  soon  exhausted.  The  condi- 
tions become  more  extreme  toward  the  west  from  San  Antonio, 
the  rainfall  diminishing  and  evaporation  increasing  imtil,  beyond 
the  basin  of  Carilaufquen,  in  which  rainfall  is  probably  least 
and  evaporation  greatest,  conditions  change  for  the  better  in  the 
district  tributary  to  the  Chubut  and  the  Limay.  About  Anec6n 
Grande  and  thence  westward  the  rainfall  is  adequate  to  maintain 
running  streams,  even  where  their  soiurces  are  not  in  extensive 
lava  plateaus. 

In  describing  the  zone  traversed  by  the  railroad  from  San 
Antonio  to  Nahuel  Huapf  the  several  arroyos  which  are  crossed 
in  the  first  400  kilometers  have  been  enumerated.  They  are 
the  Arroyos  Valcheta,  Nahuel  Niyeu,  Yamintia,  and  Maquin- 
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chao.  There  are  also  many  springs  and  brooks,  which  are  not 
of  sufficient  size  to  require  special  mention.  Each  one  of  the 
four  larger  streams  heads  in  a  lava  plateau  and  owes  its  existence 
to  the  capacity  of  the  plateau  for  storing  water  beyond  the  reach 
of  evaporation  and  for  delivering  it  concentrated  in  a  large  stream. 
The  descriptions  of  the  Arroyo  Valcheta  and  of  the  Chacra  Spring 
of  MaquinchaOy  given  in  a  preceding  section,  suffice  to  make 
clear  these  conditions  of  accumulation.  It  is  obvious  that  where 
there  are  no  lava  plateaus  there  are  no  considerable  streams,  and 
that  the  volume  of  the  streams  is  determined  by  the  extent  of  these 
plateaus.  In  any  region  where  the  constancy  of  flow  of  a  stream 
is  a  matter  of  economic  importance,  the  study  of  its  drainage 
basin  is  an  essential  step  in  determining  the  d^ee  of  reliance 
which  may  be  placed  on  it.  In  the  investigation  of  these  Rio 
Negro  streams,  however,  the  survey  of  the  apparent  drainage 
basins  is  not  sufficient.  It  is  necessary  also  to  estimate  the  ex- 
tent and  capacity  of  that  all-important  source  of  supply  which 
lies  in  the  plateaus  of  broken  lavas. 

Measurements  of  the  Arroyo  Valcheta  show  that  its  volume 
of  flow  varies  from  2  to  6.5  cubic  meters  a  second  (6  to  19  acre- 
feet  an  hour)  and  that  the  average  is  probably  about  2.5  cubic 
meters  a  second  (7  acre-feet  an  hoxir).  The  other  streams  have 
not  been  measured  but  are  thought  to  compare  with  the  Arroyo 
Valcheta  about  as  follows:  The  Arroyo  Nahuel  Niyeu  is  about 
one-half  and  the  Arroyo  Yamintia  one-third  as  large.  The 
Arroyo  Maquinchao  probably  has  a  flow  equal  to  that  of  the 
Valcheta,  but  it  is  not  seen  on  the  surface,  as  it  filters  imder- 
ground. 

No  observations  on  the  volume  of  water  carried  by  the 
Arroyo  Quetriquile,  the  Guaguel  Niyeu,  the  Cumallo,  the  Pil- 
caniyeu,  or  the  Pichileufu  are  available.  All  of  these  except  the 
Pichileuf u  are  small  streams  whose  flow  may  be  between  i  and 
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2  cubic  meters  a  second.  In  the  summer  running  water  is  con- 
fined to  their  upper  courses;  lower  down  they  siok  into  the  gravel 
beds  that  fill  their  valle3rs.  The  PichileufUy  rising  in  the  Andes, 
is  a  permanent  stream  with  a  possible  average  flow  of  6  or  8 
cubic  meters  a  second,  though  it  is  subject  to  consi^^erable  vari- 
ation in  vdume  according  to  the  quantity  of  rain  and  snow 
falling  in  the  high  ranges  in  which  it  heads. 

The  preceding  discussion  deals  only  with  the  superficial 
waters.  Many  attempts  have  been  made  to  find  subterranean 
waters  in  various  parts  of  Patagonia,  and  deep  wells  have  been 
drilled  at  San  Antonio  Oeste  and  at  La  Travesia,  the  station  62 
kilometers  west  of  San  Antonio,  in  the  hope  of  discovering  water 
suitable  for  use  in  the  locomotives  of  the  road.  Neither  of  these 
wells  was  successful.  They  both  penetrated  the  superficial 
sands  and  gravels,  beneath  which  they  passed  through  the  fos- 
siliferous  marine  strata  and,  at  105  and  67  meters  respectively, 
entered  the  complex  of  granite  and  metamorphic  rocks  which 
forms  the  mass  of  the  old  continent.  At  several  points  small 
flows  of  more  or  less  brackish  water  were  encountered,  but 
neither  in  quantity  nor  in  quality  was  the  result  adequate  to 
justify  the  sinking  of  similar  wells.  Another  notable  effort  to 
find  artesian  waters  has  been  made  at  Puerto  Madryn,  where  a 
well  has  been  drilled  to  a  depth  exceeding  700  meters  in  sedi- 
mentary strata  to  the  imderlying  granite  without  satisfactory 
result.  A  remarkable  well  was  simk  by  hand  to  a  depth  of  105 
meters  in  the  Bajo  del  GuaUcho  and  reached  an  artesian  flow, 
which  biurst  up  into  the  excavation  and  rapidly  filled  it  to  within 
a  short  distance  of  the  top.  The  water  gradually  rose  to  the 
surface.  It  is  said  to  be  hot  and  intensely  saline  and  to  con- 
tinue to  flow  without  cessation.  The  well  is  located  in  the  deep- 
est part  of  the  Bajo  and  probably  some  30  meters  below  the  level 
of  the  sea.    The  water  may  be  of  local  origin,  derived  from  the 
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surrounding  plateaus  and  conducted  to  some  depth  by  special 
structures  in  the  rocks,  or  it  may  be  the  outlet  of  deq)er  subter- 
ranean waters  conducted  to  this  spot  along  the  channels  of  in- 
t;rusive  volcanic  rocks  in  the  complex  of  eruptives  beneath  the 
sediments.  JAt  various  points  throughout  the  coastal  plain 
wells  have  been  simk  by  hand  to  what  are  locally  known  as  first, 
second,  or  third  sheets  of  water  at  depths  of  50  to  100  meters. 
Both  fresh  and  salt  water  may  be  encoimtered  at  different  depths 
in  one  and  the  same  well.  It  has  happened  that  salt  water, 
being  encoimtered  first,  was  shut  out  and  the  well  continued 
successfully  to  a  fresh-water  supply,  or  that  a  well  yielding  a 
small  amount  of  freshwater  has  been  sunk  to  a  salt-water  stratum 
and  its  value  destroyed.  There  is  no  means  of  knowing  from 
indications  on  the  surface  at  what  depth  water  may  be  found  or 
what  its  quality  will  be,  but  it  is  a  common  practice  to  impose 
upon  the  credulity  of  those  who  are  unfamiliar  with  the  occur- 
rence of  imderground  waters  and  to  pretend  to  locate  weltt»  by 
the  time-honored  method  of  the  divining-rod  or  some  equivalent 
and  equally  tricky  device.  Whatever  waters  may  be  foimd 
imdergroimd  in  this  region  lie  at  such  a  depth  beyond  the  reach 
of  the  roots  of  v^etation  that  they  bear  no  relation  to  the  growth 
of  the  plants  on  the  surface,  neither  are  they  manifested  in  any 
other  way  which  may  be  perceived  by  the  eye  or  recognized  by 
any  instruments.^,...3%[C  usual  methods  of  geology  which  lead, 
through  the  study  of  the  rock  strata  and  the  manner  in  which 
they  extend  undergroimd,  to  the  recognition  of  basins  favorably 
conditioned  for  the  acomiulation  of  artesian  waters  cannot  be 
applied  in  the  coastal  plain,  where  the  rocks  are  deeply  covered  by 
gravel  deposits,  and  give  only  a  negative  result  in  places  where 
the  rocks  are  granite,  schist,  or  lavas,  as  is  the  case  over  very 
wide  areas  in  Patagonia.  There  are  districts  along  the  coast 
and  especially  in  the  far  south  where  there  are  porous  sedimen- 
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tary  rocks,  which  outcrop  at  the  surface  and  absorb  the  water 
that  enters  from  the  local  rains  and  streams.  Extending  under- 
groimd  the  porous  stratum  may  be  confined  between  the  im- 
pervious strata  and  thin  out  or  become  itself  impervious;  it  then 
serves  as  a  reservoir  in  which  the  water  is  held  imder  the  pressxire 
of  its  own  head.  When  a  drill  hole  is  simk  to  such  a  stratum,  the 
water  will  rise  in  the  hole  to  a  height  determined  by  the  level 
at  which  it  stands  in  the  porous  rock  ai^d  may  flow  out  at  the  top 
of  the  well,  if  that  be  low  enough.  Thus  for  a  supply  of  artesian 
water  we  require  an  adequate  rainfall,  a  porous  stratum  inclosed 
imdergroimd  to  serve  as  a  reservoir,  and  a  point  from  which  we 
may  sink  a  well  that  shall  reach  the  water-bearing  stratum  in 
depth  and  shall  not  be  above  the  level  to  which  the  water  will 
rise.  Porous  strata  of  this  kind  are  to  be  found  in  the  marine 
Tertiary  beds  that  stretch  along  the  Atlantic  coast  of  Patagonia 
and  extend  westward  to  the  Andes  in  the  Territory  of  Santa 
Cruz,  In  that  Territory  they  overlie  older  sedimentary  strata 
of  great'  thickness  and  the  possibilities  of  the  accumulation  of 
underground  waters  are  correspondingly  greater.  In  Rio  Negro 
and  Chubut  the  marine  strata  are  comparatively  thin  and  over- 
He  eruptive  rocks,  which  do  not  afford  appropriate  conditions 
for  the  accumulation  of  any  quantity  of  water.  The  best  oppor- 
tunity is  at  the  contact  of  the  sediments  with  the  eruptives. 
Geologic  conditions  favorable  for  artesian  waters  may  occur 
at  certain  points  along  the  base  of  the  Andes  from  Lago  Nahuel 
Huapf  southward,  but  as  there  is  an  abimdance  of  surface  waters 
there  is  little  occasion  to  utilize  whatever  supply  might  be  f oimd 
by  drilling. 

The  condition  of  adequate  rainfall  to  supply  artesian  waters 
is  one  which  is  least  often  met  with  in  Patagonia.  In  Rio  Negro, 
Chubut,  and  the  greater  part  of  Santa  Cruz  evaporation  is  so 
much  in  excess  of  the  precipitation,  as  has  already  been  shown, 
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that  but  little  water  escapes  into  subterranean  channels.  The 
accumulation  of  underground  water  is  therefore  very  slight  and 
wells  sunky  even  in  positions  which  are  geologically  favorable, 
will  probably  not  encounter  any  considerable  supply  of  water 
either  fresh  or  salt. 

The  common  occurrence  of  salt  water  is  but  little  understood. 
The  general  impression  that  it  is  the  water  of  the  sea  which 
remains  in  the  strata  is  erroneous,  the  salt  having  been  concen- 
trated from  the  fresh  waters  such  as  now  flow  into  the  salinas 
or  salt  lakes  in  many  localities.  All  fresh  water  carries  some 
small  quantity  of  salts  in  solution  and  on  evaporating  leaves 
them  behind.  The  amoimt  of  salt  left  from  such  a  volume  of 
water  as  the  annual  flow  of  the  Arroyo  Valcheta,  about 
60,000,000  cubic  meters,  which  evaporates  from  the  swamps 
along  the  course  of  the  stream  and  the  salt  lake  in  which  it  ends, 
is  considerable.  The  salts  which  thus  accumulate  may  be  buried 
in  the  muds  laid  down  by  the  stream  or  in  soil  blown  into  the  salt 
lake  and  may  thus  enter  into  the  subterranean  waters.  Another 
more  wide-spread  source  is  that  of  the  percolating  rain  water 
which  sinks  into  the  crevices  beneath  the  surface  and  lies  there 
imtil  it  seeps  below  or  is  drawn  up  to  the  surface  and  evaporated. 
Taking  up  weak  adds  from  the  roots  and  decaying  organic  sub- 
stances in  the  soil,  this  water  attacks  the  rocks  in  which  it  lies 
and  dissolves  the  more  soluble  contents.  If  it  be  drawn  toward 
the  surface  and  evaporate  within  the  mass  of  loose  material,  it 
deposits  the  salts  of  lime  and  magnesia  in  the  interstices  and 
forms  a  white  coating  or  sometimes  a  solid  layer  resembling  lime- 
stone. This  deposit  is  very  common  throughout  the  more  arid 
districts  of  Argentina  and  is  commonly  known  as  "tosca."  In 
the  southern  Pampas  of  Buenos  Aires  and  the  districts  along  the 
Rio  Colorado  the  tosca  is  often  a  solid  stratum  from  i  to  2 
meters  thick  and  where  it  has  been  swept  bare  of  soil  forms  the 


Digitized  by 


Google 


SOILS  loi 

surface  of  stony  plateaus.  Under  these  conditions  it  may 
easily  be  mistaken  for  a  marine  limestone  stratimi.  While  the 
less  soluble  salts  of  lime  and  magnesia  remain  in  the  soil  in  the 
form  of  tosca,  the  common  salt  itself ,  chloride  of  sodiimi,  is  so 
soluble  that  it  is  not  redeposited  but  is  carried  down  into  the 
subterranean  waters  and  there  accumulates.  Thus  the  salt 
which  so  generally  occurs  in  the  underground  waters,  not  only 
of  Patagonia  but  of  all  the  more  arid  districts  of  Argentina,  may 
be  r^arded  as  having  been  derived  from  the  decomposition  of 
the  rocks  and  having  been  concentrated  by  evaporation  from 
the  very  dilute  solutions  of  surface  streams  and  superficial  imder- 
ground  waters. 

The  concentration  of  salt  is  naturally  greatest  where  the 
more  strongly  concentrated  waters  may  gather,  or  where  salt 
lakes  are  more  likely  to  have  been  buried.  These  conditions 
occur  more  commonly  in  the  greater  depths  of  hollows  and  bajos 
than  on  the  higher  plains  or  the  slopes  from  the  plains  to  the 
bajos.  The  chances  of  finding  salt  water  are  therefore  greater 
in  the  lowlands,  and  the  possibility  of  securing  fresh  waters  is 
better  for  wells  sunk  on  slopes  or  in  the  high  plains.  The  latter 
will  probably  have  to  go  deeper  but  even  so  have  a  better  chance 
of  being  successful. 

SoUs 

The  soils  of  Rio  Negro,  like  all  others,  are  composed  of 
mineral  particles  associated  with  more  or  less  v^etable  hiunus, 
charged  with  more  or  less  saline  deposit,  and  so  arranged  that 
they  may  include  more  or  less  moisture.  The  value  of  any  soil 
lies  in  that  phrase  ^'more  or  less''  in  regard  to  each  of  these  char- 
acteristics. A  certain  proportion  of  v^etable  himius  is  an  im- 
portant if  not  a  vital  element  of  the  soil.  The  presence  of  saline 
deposits,  except  in  small  quantities,  is  detrimental.    The  ca- 
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padty  of  the  soil  to  receive  and  retain  moisture  is  its  most 
vital  characteristic^  especially  in  a  r^on  where  evaporation  is 
intense. 

In  humid  r^ons  alluvial  soils  constitute  a  very  important 
class,  whereas  those  which  owe  their  origin  to  wind  are  subordi- 
nate. The  reverse  is  true  in  the  Pampas  of  Rio  N^ro,  where 
alluvial  soils  are  scarcely  worthy  oio^te  but  soils  composed  of 
wind-blown  dig  t  are^^jgideqpread  occurr^cp.  This  is  a  nat- 
ural consequence  of  the  conditions  of  climate  which  determine 
the  scarcity  of  protective  v^etation  and  give  the  powerful  winds 
a  favorable  opportunity  to  sweep  away  all  products  of  disinte- 
gration of  the  rocks  and  carry  them  to  points  of  accumulation. 
Other  large  areas  are  covered  with  the  coarser  particles,  stones, 
or  rocks  that  the  wind  leaves. 

The  soils  of  Rio  N^o  are  derived  in  part  from  igneous  rocks 
which,  decaying,  yield  some  of  the  richest  soil  elements;  from 
clay  rocks  originally  deposited  in  swamps,  in  estuaries,  or  on  the 
sea  bottom  and  now  exposed  to  disintegration;  from  sands  loos- 
ened from  sandstones  or  by  the  decomposition  of  granites.  In 
addition  to  these  constituents  volcanic  ash  is  an  important 
element  which,  though  not  everywhere  present,  is  widespread. 
The  result,  whatever  the  source,  is  a  soil  made  up  of  clay  and 
sand,  fine  or  coarse,  which  in  their  place  of  origin  occur  more  or 
less  intimately  mixed,  but  which  in  the  course  of  transportation 
by  the  winds  become  more  or  less  effectively  sorted.  The  sorted 
character  of  eolian  soils  strongly  distinguishes  them  from  the 
mixed  alluvial  soils  from  which  they  are  in  many  places  derived. 

We  may  sometimes  distinctly  observe  the  effect  of  the  sort- 
ing of  soil  particles.  Thus  the  writer  has  seen  in  northern  China 
a  large  river  which,  descending  with  rapid  fall  from  slopes  that 
had  not  long  been  deforested,  brought  with  it  great  quantities 
of  soil  which  it  deposited  in  the  plain  below  in  widespread  sheets 
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of  gravely  sandy  and  mud.  These  materials  were  not  only  inter- 
stradfied  but  to  a  considerable  extent  intermingled.  The  r^on 
was  an  arid  one;  vegetation,  even  on  the  alluvial  plain,  was 
scanty;  and  a  strong,  persistent  wind  blew  over  the  plain  across 
the  channel  of  the  river.  Along  the  stream  there  was  a  belt  of 
coarse  pebbles  and  larger  stones,  which,  being  too  large  to  be 
moved  by  the  wind,  remained  when  all  finer  material  had  been 
blown  away.  To  the  windward  there  were  successive  zones  of 
coarse  and  finer  material— near  the  river  coarse  sands,  farther  on 
a  belt  of  sand  dunes,  and  still  farther  out  a  broad  zone  of  fine 
eolian  soil  which,  being  cultivated,  formed  a  rich  agricultural 
district  Elsewhere  in  the  same  country  winds,  eddying  through 
mountain  valleys  where  there  are  flood  plains  of  fine  soil,  have 
blown  it  as  dust  high  up  over  the  moimtain  slopes.  The  air  cur- 
rents, twisting  over  angles  and  spurs  and  catching  in  the  hollows, 
have  there  deposited  the  drifts  of  eolian  soil  to  extraordinary 
depths,  and  the  Chinese  have  learned  to  terrace  and  to  cultivate 
these  drifted  soils. 

In  a  minor  degree,  but  in  precisely  the  same  manner,  the  winds 
of  Rio  Negro  have  sorted  the  alluvial  soils  and  produced  gravelly, 
sandy,  and  clayey  zones,  and  on  the  vaUey  slopes,  Vherever  a 
slight  hollow  has  occasioned  an  eddy,  they  have  built  deep  drifts. 
The  d^ree  and  character  of  these  accumulations  depend  on  the 
local  conditions  and  must  be  studied  in  each  locality  in  order  to 
recognize  areas  where  the  soil  accumulations  may  or  may  not  be 
favorable  to  agriculture.  An  understanding  of  the  process  has, 
however,  a  broad  general  application  and  will  help  the  reader 
better  to  follow  a  description  of  the  various  types  of  soil  that 
are  to  be  foimd. 

On  the  eastern  coastal  plain  the  deposits  from  which  the  soils 
have  been  derived  were  originally  sedimentary  strata  containing 
a  large  proportion  of  coarse  gravel  mixed  with  either  sand  or 


Digitized  by 


Google 


I04  NORTHERN  PATAGONIA 

fine  day.  Being  exposed  to  the  winds,  the  finer  particles  have 
been  carried  away  from  the  superficial  layers,  leaving  the  pebbles 
and  coarser  sand,  which  have  accumulated  and  settled  down  in 
the  place  until  the  concentrated  coarse  material  forms  so  thick 
a  layer  on  the  surface  that  the  wind  can  no  longer  reach  the  under- 
lying mixed  earth  and  stones.  Where  the  proportion  of  pebbles 
in  the  original  deposits  was  notable,  the  result  is  a  gravel  plain 
which  appears  very  stony  and  is  difficult  to  traverse.  It  seems 
extraordinarily  sterile,  and  yet  these  plains  support  a  growth  of 
bushes  and  grasses  not  inferior  to  that  sustained  by  much  less 
stony  and  apparently  better-conditioned  soils.  The  reason  may 
be  found  in  the  fact  that  the  surface  layer  of  pebbles  and  coarse 
sand  overlying  a  mixed  loam  allows  the  rain  water  to  sink 
quickly  to  the  lower  soil  and  protects  it  from  the  intense  heat 
and  winds,  so  that  it  does  not  so  readily  evaporate.  In  areas 
where  the  pebbles  were  not  nimierous,  and  these  are  the  larger 
areas,  the  coarser  and  finer  sands  and  the  clays  have  been  sorted 
and  the  sands  swept  by  the  winds  into  low  dimes  that  appear  as 
slight  undulations  in  the  plain.  Here  again  the  porosity  of  the 
sands  serves  to  admit  the  rain  waters  quickly  to  a  layer  beyond 
the  reach  of  evaporation,  and  these  dimes  are  therefore  well 
adapted  to  the  growth  of  deep-rooted  plants,  as  has  been  shown 
by  the  development  of  alfalfa  fields  in  the  extensive  sand  dunes 
south  of  Bahia  Blanca.  The  surfaces  which  are  scoured  by  the 
wind  so  that  the  clay  and  sand  are  carried  away  are  apt  to  be 
hard  and  less  favorably  conditioned  for  v^etation,  because  the 
rain  water  percolates  too  slowly  into  them  and  evaporates 
readily,  leaving  them  peculiarly  dry.  Wherever  the  more  clayey 
strata  are  exposed  v^etation  is  sparse  and^eak  and  erosion 
is  peculiarly  active,  as  there  is  no  protective  covering.  There 
are  upon  the  coastal  plain  but  few  deposits  of  the  finer  eolian 
soils.    The  flat  surface  and  the  absence  of  moisture  give  the  winds 
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free  opportunity  for  transporting  the  dust,  and  there  is  rarely 
a  sheltered  place  in  which  a  drift  of  fine  soil  may  acciunulate. 
These  areas^  therefore,  lose  the  fine  material,  which,  being  car- 
ried by  the  prevailing  westerly  winds,  is  deposited  farther  east 
in  the  low  places,  such  as  the  Bajo  de  San  Antonio,  or  in  the 
Atlantic  Ocean. 

The  conditions  that  have  been  described  as  typical  of  the 
coastal  pk^  are  repeated  in  some  d^ree  in  the  high  plateaus 
south  of  the  Rio  N^o  and  also  in  the  valleys  which  radiate 
from  volcanic  centers  in  western  Rio  Negro  and  northern  Chubut. 
Gravels  derived  from  the  volcanoes  and  spread  about  their  bases 
by  ancient  streams  in  such  a  way  as  to  form  extensive  mesas 
are  mingled  with  finer  sediments  and  with  volcanic  ash.  The 
fine  materials  are  blown  away  and  leave  the  gravels,  covering 
the  surface  in  a  concentrated  stony  layer  which,  barren  as  it 
seems,  is  in  fact  a  protective  blanket  that  prevents  evaporation 
of  the  moisture  so  essential  to  v^etation.  Thus  in  many  parts 
of  the  plateaus  and  valleys  can  be  seen  both  shrubs  and  grasses 
flourishing  on  soils  that  are  superficially  so  stony  as  to  appear 
ino^ble  of  supporting  plant  growth. 

On  the  lava  plateaus,  where  the  rocks  disint^rate  through 
the  effect  of  the  sim,  rain,  and  atmosphere,  much  of  the  fine 
dust  is  blown  away,  leaving  a  rocky  surface  bare  of  soil,  but  all 
the  crevices  between  the  lava  fragments  are  deeply  filled  with 
fine  soil  which  is  washed  into  them  and  which  is  shaded  by  them 
from  the  effects  of  the  sim  and  wind.  In  these  localities  also 
there  is  a  condition  favorable  to  the  maintenance  of  moisture, 
and  plants  root  in  the  crevices  and  grow  vigorously,  even  during 
the  dry  seasons.  ^    ' 

With  the  exception  of  the  sand  dimes,  the  several  soil  types 
which  have  been  in<^cated  in  the  preceding  paragraphs  belong 
to  the  dass  of  residufd  |pUsp.or  those  which  are  left  behind  when 
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the  wind  or  streams  carry  away  a  finer  portion  of  the  original 
earth.  The  transported  soils  consist  principally  of  these  finer 
materials  and,  as  the  wind  is  the  principal  agent  of  transporta- 
tion, they  form  eolian  deposits  which  have  many  of  the  char- 
acteristics of  the  well-known  Chinese  loess.  In  Patagonia  they 
form  meadow  lands  of  a  class  locally  known  as  mallins,  foimd 
always  along  the  streams  in  the  valley  bottoms;  and  in  addition 
to  these  there  are  deposits  on  the  hillsides,  which  are  in  the 
nature  of  drifts  of  soil. 

A  mallin,  or  swampy  meadow,  is  a  peculiar  deposit  which  the 
writer  has  not  observed  elsewhere  and  which  may  be  made  the 
subject  of  a  special  description.  It  is  a  deep  deposit  of  exceed- 
ingly fine  soil,  consisting  of  a  very  large  proportion  of  wind-blown 
dust  mixed  with  vegetable  hiunus,  and  the  accumulated  layer, 
which  is  usually  from  i  to  2  meters  thick,  rests  upon  a  gravel 
bed.  The  flying  dust  is  caught  by  grasses  and  other  plants  or 
on  bare  spots  is  held  by  moisture.  Whatever  dust  falls  on  a  sur- 
face of  gravel  or  sand  which  is  moistened  by  rain  or  in  which  the 
groimd  water  rises  so  that  the  upper  layers  are  moist  will  be 
caught  and  retained.  Plants  quickly  spring  up  on  a  layer  of 
fine  soil  and  add  to  the  accumulated  mass,  helping  to  retain  the 
moisture  by  catching  more  dust  and  by  adding  their  own  prod- 
ucts of  decay.  In  this  way  the  mallin  soils  have  accumulated 
over  many  himdred  hectares  of  the  valley  of  Maquinchao  and 
of  all  similar  valleys  of  Patagonia. 

The  mallin  soil  is,  as  a  result  of  its  special  method  of  accu- 
mulation, very  definitely  characterized.  The  earthy  particles 
are  usually  very  fine  and  densely  packed.  There  is  consequently 
but  Uttle  pore  space  in  the  soil,  and  it  can  hold  but  a  small  amoimt 
of  moisture.  It  is,  indeed,  almost  impervious,  and  for  that 
reason  the  areas  where  it  is  at  all  deep  become  swamps  through 
the  accumulation  of  rain  water  in  the  i^jper  layers.    When  this 


Digitized  by 


Google 


SOILS  107 

fine  mallin  soil  is  saturated  the  tiny  particles  of  clay  become 
enveloped  with  films  of  moisture  and  are  so  separated  that  they 
may  move  past  each  other  as  if  the  mass  were  Uquid.  The  mal- 
lin therefore  becomes  a  bog  as  far  down  as  the  saturation  by  the 
surface  waters  may  extend.  When  with  the  change  of  seasons 
the  waters  dry  out,  the  soil  settles,  compacts,  and  becomes  hard. 
Both  wet  and  dry,  the  mallin  soil  is  very  much  like  the  gumbo 
soil  of  Texas,  which  probably  has  a  similar  origin. 

The  v^etation  of  the  malUn  comprises  a  variety  of  excellent 
pasture  grasses  and  is  eagerly  sought  by  stock.  The  animals 
graze  about  the  margins,  venturing  farther  and  farther  in  as  the 
swamp  dries  out.  They  are  not  infrequently  bogged  and  are 
then  considered  lost,  imder  present  economic  conditions  in  Pat- 
agonia, as  they  are  easily  exhausted  by  their  struggles  and  are 
likely  in  any  case  to  die  even  if  rescued.  It  is  therefore  not  an 
imconmion  sight  to  see  the  bones  of  cattle  among  the  verdant 
green  grasses  of  the  mallins. 

The  drifted  eolian  soils,  in  so  far  as  they  are  not  sand  dimes, 
resemble  the  mallin  soils  in  all  their  earthy  constituents.  In 
many  places  they  are,  indeed,  derived  from  the  mallins,  the  fine 
earth  being  blown  away  from  the  bottom  lands  when  they  dry 
out  and  lodging  on  the  adjacent  hillsides.  But  the  drifted  soils 
differ  from  those  of  the  mallins  in  containing  a  very  much  smaller 
proportion  of  hmnus.  They  are  not  swampy,  for  they  he  above 
the  reach  of  all  stream  waters,  and  the  growth  upon  them  is  not 
so  rank  as  that  in  the  mallins.  Some  of  the  drifted  soils  are 
deep,  exceedingly  uniform  in  texture,  and  in  their  natural  con- 
dition loosely  packed.  They  absorb  water  somewhat  readily, 
but  they  also  allow  it  to  evaporate  quickly  and  are  therefore  less 
favorably  conditioned  for  plant  growth  than  the  sand  dimes 
themselves.  They  are  intermediate  between  the  dunes  and  the 
soils  of  the  extensive  plains  and  plateaus  in  fertility,  as  is  indicated 
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by  the  relatively  vigorous  growth  of  the  grasses  and  shrubs  that 
cover  the  slopes  of  the  valleys  where  the  drifts  have  lodged. 
When  brought  under  irrigation  these  drifted  soils  may  be  very 
fertile,  but  great  care  has  to  be  taken  to  cultivate  them  only 
when  they  are  sufficiently  dry,  as  they  are  liable  to  form  heavy 
dods.  Water  should  be  used  sparingly,  as  they  may  easily 
become  water-logged.  They  are  deepest  and  most  extensive 
on  the  leeward  side  of  a  valley  that  is  swept  by  strong  winds,  or 
in  the  angles  of  valleys  where  eddying  winds  may  drop  the  dust 
which  they  sweq>  from  the  slopes  and  plains. 

Vegetation 

The  natural  v^etation  of  the  Pampas  of  Patagonia  may  be 
regarded  as  the  principal  resource  of  that  r^on.  The  herds 
are  dependent  upon  it.  The  value  of  the  lands  is  estimated 
according  to  the  abimdance  and  luxuriance  or  the  scarcity  and 
meagemess  of  the  pasture.  It  is  therefore  the  principal  factor 
in  the  wealth  of  the  region,  and  it  is  in  itself  an  elemental 
resource. 

As  the  future  of  a  great  industry  depends  on  the  flora  and 
particularly  on  the  grasses,  the  plant  formation  should  be  most 
thoroughly  studied.  There  is  a  good  deal  known  and  in  print 
as  to  the  systematic  classification  of  the  plants  by  botanical 
names,  and  something  has  been  written  about  their  distribution; 
but  there  is  as  yet  nothing  available  on  the  subjects  of  more 
vital  interest  to  which  systematic  botanical  knowledge  is  a 
necessary  step,  but  only  a  step.  The  adaptation  of  the  species 
to  the  environment,  the  ecology;  the  qualities  of  different  species 
as  pasture  plants;  their  ability  to  withstand  repeated  or  constant 
grazing;  the  conditions  of  reproduction  and  the  d^ee  to  which 
the  density  of  the  pasture  may  be  increased  by  promoting  seed- 
ing according  to  natural  or  artificial  processes;  the  species  which 
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Bajo  de  Valcheta  near  the  Arroyo  Nahuel  Niycu.    Irrigable  lands  covered  with  growth  of  sampa,  algarrobo,  jarilla,  and 

other  shrubs,  together  with  grasses  and  flowering  plants. 
Hills  south  of  ValchetA  showing  the  characteristic  growth  of  the  vegetation  and  the  over-grazed  condition  of  the  pasture 

in  the  vicinity  of  the  railroad. 
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may  advantageoxisly  be  introduced — all  these  subjects  present 
themselves  as  legitimate  questions  to  which  there  is  as  yet  no 
answer. 

Using  the  terms  of  common  parlance,  we  may  say  there  are 
shrubs,  grasses,  and  herbs.  A  classification  based  upon  their 
value  for  grazing,  according  to  whether  they  are  eaten  by  ani- 
mals or  not,  would  include  some  of  each  of  these  three  divisions, 
there  being  some  shrubs,  several  grasses,  and  a  few  of  the  herba- 
ceous plants  on  which  sheep  or  cattle  pasture. 

They  are  all  rather  dry  and  imappetizmg  in  appearance, 
being  xerophytic  or  adapted  to  arid  conditions,  but  sheep  thrive 
on  them,  provided  the  quantity  be  sufficient,  and  horses  or 
mules  do  a  fair  amoimt  of  work  even  though  fed  only  on  the 
native  grasses. 

Two  shrubs  which  are  present  in  the  flora  throughout  the 
entire  range  of  the  bushes,  are  the  algorrobo  or  algorrobilla 
(Prosopis  julijhra)  and  the  jarilla  {Larrea  divaricata).  The 
algorrobilla  is  an  acacia,  a  bush  of  strong  growth,  characterized 
by  the  delicate  foliage,  strong  brown  thorns,  and  large  bean- 
pods  of  the  family.  Sheep  and  cattle  eat  the  beans  when  ripe, 
and  the  large  roots  are  dug  for  firewood.  The  bush  is  being 
exterminated  by  the  latter  practice  in  the  vicinity  of  the  railroad. 
The  jarilla  is  a  slender  spreading  shrub,  with  small  stems  and 
gray  bark.  It  is  without  thorns.  The  flower  is  small  and  yel- 
low. The  delicate  Ught-green  leaves  have  the  peculiar  char- 
acteristic of  turning  on  the  stem  so  that  they  may  all  he  parallel 
and  point  very  nearly  north  and  south.  '  It  has  been  called  the 
north-and-south  bush  and  is  sometimes  used  as  a  means  of 
determining  direction. 

Associated  with  the  algorrobilla  and  jarilla  in  the  Bajo  de 
San  Antonio  occur  the  chafiar  {Gourliea  dicarticans)  and  mata 
negra  {Atamisquea  emarginata),  which  are  foimd  rarely,  if  at  all. 
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at  higher  altitudes.  The  chafiar  is  a  small  crooked  thorny  tree 
with  smooth  greenish  to  yellowish  bark,  which  scales  off.  The 
little  thick  leaves  of  a  grayish-green  color  are  so  few  in  nimiber 
as  to  suggest  that  the  tree  could  not  afford  any  more.  The 
small  yellow  flowers  are  followed  by  a  fruit,  which  is  relished  by 
sheep. 

The  mata  negra  is  a  very  handsome  dense-growing  bush, 
completely  covered  with  small  dark-green  leaves.  It  appears  to 
be  an  evergreen  and  is  adapted  to  use  as  an  ornamental  plant 
in  mild  dry  climates. 

Mata  cebo*  (MofUtea  aphyUa),  or  the  fat  bush,  presents  at 
all  seasons  a  mass  of  leafless  green  stems  of  a  decidedly  lean  and 
stripped  i^pearance,  but  they  are  covered  with  a  very  inflam- 
mable substance,  which  gives  rise  to  the  name.  It  is  said  that 
the  covering  possesses  no  essential  oils  or  properties  of  value. 
The  shrub  occurs  widely  throughout  the  plateaus  of  Rio  N^ro. 

Ufia  de  gato  (Chuquiraga  erinacea)^  or  cat's  claws,  takes  its 
name  from  the  needle-like  greenish  leaves  with  which  the  shrub 
is  so  covered  as  to  present  a  thick  mass  of  them  and  defy  han- 
dling.   The  large  yellow  flowers  are  somewhat  conspicuous. 

Among  the  more  useful  species  are  zampa  and  tomillo,  both 
of  which  are  eaten  by  sheep.  The  latter  is  a  relish  in  the  desert 
fodder  and  is  eagerly  nibbled  even  by  horses.  Zampa,  or  sampa, 
is  a  salt  bush  {Atriplex  sp).  It  grows  from  a  short  twisted 
fibrous  trunk  half  a  meter  to  a  meter  high,  with  many  closely  ag- 
gregated branches  and  whitish-green  foliage.  It  is  exceedingly 
conmion  in  and  rather  characteristic  of  the  lower,  salty  soils  of 
the  bajos,  where  it  is  associated  with  typical  salt  grasses. 

Tomillo  (Lippia  trifida^  Gay)  is  a  strongly  aromatic  little 
shrub  about  half  a  meter  high,  bearing  very  small  thick  leaves 
that  are  set  close  about  the  stem.    It  has  very  small  violet- 

*  "Palo  de  sebo/'  according  to  Hauman-Merck. 
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colored  flowers  and  may  at  once  be  recognized  by  its  odor  and 
taste,  which  are  like  those  of  a  lemon  verbena. 

Proceeding  westward,  the  growth  of  the  shrubs  on  the  coastal 
plain  and  plateaus  is  general,  even  up  to  500  meters  or  more 
above  sea;  but  the  shrubs  become  stunted  by  cold  in  the  higher 
altitudes,  and  they  grow  more  widely  spaced  in  the  drier  dis- 
tricts of  the  plains,  for  each  plant  spreads  its  roots  to  occupy  a 
sufficient  area  to  provide  it  with  moisture  and  by  absorbing 
the  moisture  prevents  others  from  growing  within  its  reach. 
Thus  the  density  or  sparsity  of  the  shrubs  is  an  indication  of  the 
abundance  or  scarcity  of  moisture.  The  western  limit  of  the 
shrubs  is  irr^ular,  as  the  bushes  follow  the  valleys,  while  they 
disappear  from  the  intervening  ridges.  The  growth  which  is 
characteristic  of  the  coastal  plain  dwindles  200  kilometers  west 
of  San  Antonio  and  disappears  from  the  plateaus  about  Corral 
Chico,  but  it  is  represented  in  the  valleys  from  Corral  Chico  to 
Maquinchao  and  even  beyond  that  toward  Huanuluan  and 
Anec6n  Grande,  400  kilometers  from  the  coast  It  may  be  said 
to  be  lacking  after  we  pass  this  extreme  western  limit. 

One  of  the  most  widespread  and  interesting  plants  of  western 
Rio  Negro  and  adjacent  regions  north  and  south  grows  in  large 
roimd  cushions  like  masses  of  intertwining  branches,  light  green 
during  the  damper  seasons,  bright  yellow  when  covered  with 
tiny  flowers,  and  brownish  when  dry.  The  branches  of  masses 
from  I  to  2  meters  in  diameter  are  connected  by  a  single  stem 
with  a  large  woody  root  or  trunk  and  are  easily  dislodged. 
The  stems  above  the  root  are  all  flattish,  green,  and  many- 
branched  and  end  in  sharp  points.  They  serve  as  leaves,  there 
being  no  others.  The  interest  in  the  plant  Ues  in  the  fact  that 
it  grows  on  very  open,  porous  sands  and  gravels,  deriving  mois- 
ture from  the  large  amoimt  of  groimd  water  stored  beyond  the 
reach  of  evaporation  but  within  reach  of  its  roots.    The  local 
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name  is  neneo  (Mulinum  trifurcatum).  It  is  said,  and  with  cer- 
tain reservations  it  is  true,  that  alfalfa  will  grow  where  neneo  does. 

Another  conspicuous  plant,  well  known  but  not  certainly 
identified,  covers  some  of  the  arid  hillsides  of  the  western  Pampas 
with  large  masses  of  brilliant  orange-brown  papiUionaceous 
flowers  in  December  and  January. 

The  growth  of  native  grasses  is  the  most  important  element 
of  the  v^etation.  Botanists  distinguish  many  species,  chiefly 
of  the  genus  Stripaj  which  is  widely  represented  among  the 
bunch  grasses  of  the  western  plains  of  the  United  States  and  also 
in  Europe. 

The  native  name  ^^coirdn"  is  appUed  to  all  the  bimch  grasses, 
which  are  very  similar  among  themselves.  They  grow  from  the 
Atlantic  coast  to  the  Cordillera  and  from  sea  level  up  to  i,6oo 
meters  above  sea.  These  grasses  grow  in  large,  strong  bimches 
distinctly  separated  from  one  another;  they  reach  2  feet  in 
height;  the  blades  are  rounded  on  one  side  and  deeply  creased  on 
the  other,  so  that  they  present  a  crescent-shaped  cross  section, 
and  when  mature  the  point  becomes  hard  and  spiny.  Yoimg 
shoots  sprout  from  the  tuft  among  the  older  ones  and  constitute 
the  principal  food  of  the  guanaco,  of  the  ostrich,  and  also  of  the 
domesticated  herds. 

There  are  several  distinct  varieties  which  grow  along  with  the 
desirable  coir6n  or  in  some  habitats  replace  it.  They  are 
recognized  by  the  herders,  who  apply  the  names  coir6n  fino,  pasto 
duro,  and  pasto  amargo.  The  coir6n  fino  is  eaten  by  animals, 
but  it  is  said  not  to  be  a  nutritious  fodder.  The  pasto  duro  is 
particularly  spiny,  while  the  pasto  amargo  is  bitter,  and  neither 
of  these  is  eaten  except  imder  stress  of  necessity. 

The  grasses  grow  among  the  shrubs  in  the  Bajo  de  San  An- 
tonio, throughout  the  coastal  plain,  and  up  over  the  high  pla- 
teaus.   On  the  lava  plateaus,  with  a  few  of  the  more  conspicuous 
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flowering  plants,  they  form  the  entire  flonu  About  Anec6n 
Grande  and  all  of  the  high  plateau  of  western  Rio  N^o  they 
constitute  the  chief  element  of  the  flora,  and  these  places  are 
most  aptly  described  as  grassy  pampas,  in  contradistinction  to 
the  bushy  pampas  of  the  east 

That  class  of  the  v^;etation  to  which  we  have  applied  the  name 
herbs  comprises  the  conspicuous  flowering  plants  which  are  not 
shrubs  and  consists  in  very  large  proportion  of  members  of  the 
family  of  Compositae,  bearing  flowers  like  the  daisy,  the  black- 
eyed-susan,  and  the  smaller  asters.  Their  foliage  is  thick-leaved 
and  attractively  succulent  in  appearance,  but  the  surface  of  the 
leaf  is  always  hard  and  some  of  the  plants  have  an  intensely  bitter 
or  biting  taste.  They  constitute  an  element  of  the  flora  which 
appears  to  have  little  or  no  value.  The  one  herbaceous  plant 
that  is  eagerly  eaten  by  all  grazing  animals  is  the  alfilerillo 
(Er odium  cicutariufn)^  which  grows  during  the  brief  moist  season 
of  the  spring  and  is  then  a  rich  element  of  the  pastures.  With 
the  advance  of  the  summer  heat  it  dries  up.  We  have  described 
its  flat,  spreading  growth,  which  covers  that  portion  of  the 
surface  above  its  roots,  and  protects  the  ground  occupied  by 
it  against  the  intensity  of  evaporation  and  so  preserves  its 
freshness. 

Among  the  special  adaptations  of  the  flora  to  the  environment 
are  two  cacti,  both  low  creeping  forms.  The  more  common, 
known  as  chupa-sangre,  or  blood-sucker,  bears  a  very  beautiful 
white  flower.  It  is  abimdant  in  the  high  plains  of  eastern  Rio 
Negro.  The  other  occurs  sparsely  in  the  vicinity  of  Anec6n 
Grande,  1,000  meters  or  more  above  the  sea.  Its  flower  is  of  a 
rich  amber-brown  color  shading  into  pale  yellow  or  white. 

The  entire  flora  of  this  region  is  a  survivor  of  repeated  reciu:- 
rences  of  arid  climate  alternating  with  relatively  himiid  epochs. 
It  is  nicely  adjusted  to  its  environment  and  is  probably  balanced 
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in  the  relations  of  the  various  plants  to  one  another.  It  may  be 
noted,  for  instance,  that  many  of  the  thorny  bushes  which  seem 
uselessly  to  enomiber  the  ground  serve  to  shelter  and  protect 
those  individuals  of  edible  species  which  are  successful  in  ma- 
turing seeds  and  peipetuating  their  kind.  The  exposed  edible 
plants  rarely  succeed  in  seeding.  Another  function  of  the  larger 
plants  is  to  afford  protection  from  wind  and  prevent  the  soil 
from  blowing  away. 

Having  become  adjusted  to  the  climatic  conditions,  to  the 
soils,  and  to  the  water  available  in  the  soils,  and  having  survived 
through  the  changes  of  climate  in  the  past,  the  native  flora  is 
best  fitted  to  survive  under  whatever  changes  of  similar  char- 
acter may  occur  in  the  future.  So  far  as  temperature  and  rain- 
fall are  concerned  this  undoubtedly  holds  true,  but  another  factor 
not  climatic  enters  into  the  present  situation,  namely,  the  intro- 
duction of  great  herds  of  domestic  animals;  and  it  is  being  demon- 
strated that  the  pasture  plants  can  be  exhausted  by  indiscrimi- 
nate grazing.  It  cannot  be  too  strongly  emphasized  that  this 
problem  must  be  solved  and  the  situation  properly  controlled 
if  the  lands  are  to  retain  their  value  and  availability.'*' 

Agriculture 

The  agricultural  industry  of  Patagonia  may  be  considered 
with  reference  to  the  local  conditions  of  climate  and  soil,  and  also 
with  reference  to  its  relation  to  that  of  the  great  agricultural 
provinces  of  Argentina.  The  conditions  of  the  country  being 
those  of  a  semi-arid  region,  agriculture  must  either  be  practiced 

*  The  preceding  description  had  been  written  substantially  as  it  stands  when  the 
work  of  Dr.  Hauman-Merck  (''Etude  Ph3rtog6ographique  de  la  Rio  Negro  inferieur/'  par 
Luden  Hauman-Merck:  Anales  del  Museo  Nadonal  de  Historia  Natural  de  Buenos  Aires, 
Vol.  XXIV,  pp.  28(^444,  December  23, 1913)  was  brought  to  the  notice  of  the  writer. 
He  has  used  this  work  as  an  authority  in  systematic  identifications  and  to  verify  his  own 
less  expert  observations  on  general  characters  of  the  plants,  and  he  herewith  expresses  his 
indebtedness  to  the  author. 
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according  to  the  methods  of  dry  fanning  or  supported  by  irri- 
gation. Both  of  these  operations  place  the  industry  under  special 
limitations;  dry  farming  requires  a  large  amount  of  labor, 
various  implements,  and  skilled  judgment;  irrigation  can  be 
extended  only  so  far  as  the  local  water  supply  may  suffice  to 
produce  such  crops  as  shall  pay  the  interest  on  the  necessary 
structures  and  the  cost  of  maintaining  and  operating  the  plant. 
In  contrast  to  these  limitations  the  natmral  conditions  under 
which  agriculture  is  practiced  in  the  Province  of  Buenos  Aires 
and  farther  north  in  the  rainy  region  of  Argentina  are  much 
more  favorable.  Those  Provinces  are  also  nearer  the  general 
market.  The  industry  in  the  north  is  therefore  in  a  position  to 
compete  strongly  with  the  pursuit  of  agriculture  in  Patagonia, 
which  can  not  be  made  to  develop  as  an  important  activity  apart 
from  the  other  requirements  of  the  country  itself.  In  these 
requirements,  however,  there  will  be  found  a  sufficient  market 
for  all  the  agricultural  products  which  Patagonia  can  raise. 

Stock-raising  will  always  be  the  principal  industry-  of  the 
country.  The  conditions  of  grazing  are  such  that  summer  pas- 
\  tures  are  more  extensive  than  those  which  the  herds  would  occupy 
\^  in  winter,  and  the  natural  grasses  of  the  winter  pastures  will  not 
^suffice  to  maintain  the  total  nimiber  of  animals  that  could  be 
carried  on  the  smnmer  range.  The  full  development  of  the 
grazing  industry  of  Patagonia  can  ..therefore  be  attained  only 
through  supplementing  thematural  winter  pastures  by  culti- 
vated feed,  and  agriculture  will  be  directed  to  raising  alfalfa 
and  other  hay  crops  for  local  use.  The  growing  of  oats,  wheat, 
and  other  grains  for  local*  consimiption  may  also  be  profitable. 

Having  in  mind  this  general  idea  of  the  prospects  of  agri- 
culture, we  may  pass  to  a  consideration  of  the  local  conditions 
and  in  doing  so  will  take  from  east  to  west  the  several  districts 
where  agricultural  populations  will  eventually  be  established. 
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namdy,  the  Bajo  de  San  Antonio,  the  Bajo  de  Valcheta,  the 
Carilaufquen  Basin  and  its  several  tributary  valleys,  and  the 
valleys  of  the  western  plateau  r^on. 

The  average  rainfall  at  San  Antonio  during  the  period  of 
eight  years  from  1899  to  1907  was  205  millimeters,  or  8  inches. 
Of  this,  134  millimeters  fell  in  the  months  from  March  to  July,  or 
in  the  autumn  and  winter  seasons.  The  minimimi,  7  millimeters, 
was  in  August  During  September  and  October,  the  months  of 
growing  crops,  the  average  was  26  millimeters,  whereas  dxuing 
November  and  December,  the  time  of  the  harvest,  it  was  12 
millimeters.  To  take  advantage  of  this  meager  rainfall,  the 
ground  should  be  cultivated  one  year  without  a  crop  and  be 
sown  in  the  autumn — ^that  is,  in  March  or  April.  The  field 
which  is  sown  to  a  crop  one  year  should  alternate  with  a  field 
which  is  cultivated  but  not  sown  that  year.  By  practicing  the 
methods  of  deep  plowing,  constant  cultivation,  and  sowing  in' 
alternate  years,  as  is  commonly  done  in  dry  farming  in  regions 
with  a  small  rainfall,  crops  may  be  successfully  grown  in  all  but 
the  driest  years. 

In  191 1  experiments  were  made  at  Eil6metro  5,  near  San 
Antonio,  without  previous  cultivation  of  the  ground  and  with 
untrained  labor,  which  did  not  suffice  for  thorough  cultivation. 
Oats,  wheat,  and  rye  grew  and  matured  satisfactorily.  A  por- 
tion of  the  crop,  which  was  protected  from  wind  by  a  brush  fence 
and  partly  shaded  by  brush,  grew  larger  and  bore  better  heads 
of  grain,  showing  the  advantage  of  preventing  too  much  evap- 
oration. 

The  temperatures  in  the  Bajo  de  San  Antonio  are  relatively 
high.  For  summer,  autumn,  and  spring  the  means  are  the  same 
as  those  of  Mendoza,  which  lies  7^  nearer  the  tropics.  The 
spring  is  slightly  cooler  than  at  Mendoza.**"    The  maximum  ob- 

*  See  isothennal  charts,  Plates  VI  to  DC  inclusive,  in  Davis,  "Clima  de  Argentina,"  19x0. 
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served  from  1902  to  1907  was  in  January  and  February,  41® 
C.  or  106  F.  The  minimum,  in  July,  was  —11^  C,  or  +  12®  F. 
Temperatures  below  {ree2dng  are  recorded  as  having  occurred 
in  each  month  from  April  to  December  inclusive,  but  they  are  of 
rare  occurrence  after  October.  The  season  for  planting  grains 
is  in  March  or  April,  to  take  advantage  of  the  autumn  rains,  and 
the  growth  and  harvest  come  in  October,  November,  and  De- 
cember. Should  irrigation  be  made  practicable  the  Bajo  de  San 
Antonio  will  become  suitable  for  fruit-culture  like  that  which  is 
now  practiced  at  Viedma,  where  apples,  grapes,  and  peaches  are 
grown  to  advantage. 

Agriculture  in  the  Bajo  de  Valcheta  will  depend  upon  the 
proper  utilization  of  the  waters  of  the  Arroyo  Valcheta,  the  Ar- 
royo Nahud  Niyeu,  and  the  Arroyo  Yamintia.  Each  of  these 
may  be  considered  separately,  as  the  development  of  any  one 
would  be  an  independent  project  without  direct  relation  to  either 
of  the  others.  The  Arroyo  Valcheta  was  made  the  subject  of  care- 
ful study,  especially  with  reference  to  the  utilization  of  its  waters, 
for  the  supply  of  the  dty  of  San  Antonio  and  of  the  railroad. 
Topographic  surveys,  measurements  of  the  flow  of  the  stream, 
and  an  investigation  of  the  sources  and  constancy  of  the  waters 
were  made  in  the  winter  of  191 1,  and  a  report  was  prepared  which 
will  be  found  among  the  engineering  reports  of  the  Comisi6n 
de  Estudios  Hidrol6gicos.  It  was  shown  that  it  is  practicable 
to  conduct  the  waters  of  the  arroyo  into  a  reservoir  which  would 
have  sufficient  capacity  to  impound  two-thirds  of  the  annual  flow, 
or  some  44,000,000  cubic  meters  of  water  out  of  a  probable 
annual  flow  of  65,000,000  cubic  meters.  It  was  estimated  that 
the  dty  of  San  Antonio  and  the  railroad  would  use  about  one- 
tenth  of  the  impounded  waters,  and  that  there  would  remain 
an  amount  adequate  to  irrigate  3,000  hectares  or  more,  ac- 
cording to  the  variation  in  precipitation  from  year  to  year. 
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The  lands  to  be  irrigated  lie  along  the  lower  course  of  the  Arroyo 
Valcheta  north  of  the  railroad,  or  in  the  vicinity  of  Cerro  Som- 
brero, ID  kilometers  east  of  Valcheta,  or  farther  east,  north  of 
Aguada  Cedlio,  or  in  the  Bajo  de  San  Antonio.  If  we  con- 
sider simply  the  question  of  distributing  the  water,  it  would 
be  desirable  to  use  it  as  near  Valcheta  as  possible,  in  order  to 
avoid  the  cost  of  constructing  long  canals  or  pipes,  and  there 
does  not  seem  to  be  any  other  local  condition  inherent  in  either 
soil  or  climate  that  would  make  it  worth  while  to  carry  the 
water  beyond  that  immediate  vicinity.  Possibly  the  develop- 
ment of  the  fruit  industry  in  the  protected  lowland  of  the 
Bajo  de  San  Antonio  may  eventually  lead  to  the  construc- 
tion of  a  pipe  line  paralleling  that  which  will  supply  the  dty  of 
San  Antonio  but  devoted  strictly  to  carrying  water  for  use  in 
irrigation. 

At  the  present  time  the  fertile  lands  of  the  valley  of  Valcheta 
are  annually  flooded  by  the  high  waters  of  the  stream  and  con- 
verted into  swamps  which  can  not  be  cultivated  and  which  are 
more  or  less  inaccessible,  even  for  grazing.  The  area  thus  ren- 
dered useless  is  about  3,000  hectares.  The  surface  soil  is  a  fine 
eolian  deposit  mixed  with  a  great  deal  of  hiunus  and  capable  of 
a  high  degree  of  fertility  under  proper  cultivation.  It  is  under- 
lain by  deep  gravel  beds  which  now  carry  a  large  volume  of 
water  and  this  supply  may  be  annually  renewed  from  the  sur- 
plus of  the  Arroyo  Valcheta  over  and  above  that  which  would  be 
turned  into  the  reservoir.  By  carrying  off  the  excess  the  lands 
would  be  made  available  for  agricultiu^,  and  the  underground 
waters  would  enable  them  to  produce  alfalfa.  Thus  this  3,000 
hectares  would  be  added  to  the  area  that  may  be  cultivated. 
The  change  in  conditions  which  would  be  brought  about  by  the 
proper  diversion  of  the  waters  of  the  Arroyo  Valcheta  was  stated 
in  a  report  to  the  Minister  of  Public  Works  in  191 1  as  follows: 
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EXISTINO  CONDmONS 

The  dty  of  San  Antonio  is  depend- 
ent for  its  water  supply  upon  the  ser- 
vice of  trains  whidi  carry  the  water 
of  the  Arroyo  Valcheta,  109  kilometers 
distant  by  railroad. 

The  railroad  distributes  water  for 
use  in  the  locomotives  by  carrying  it 
in  tank  cars  from  the  Arroyo  Valcheta 
to  the  stations  along  the  route. 

The  occupation  of  the  plains  be- 
tween Valcheta  and  San  Antonio  by 
grazing  herds  is  limited  to  the  rainy 
season. 


The  rich  lands  in  the  valley  of  Val- 
cheta within  15  kilometers  of  the  rail- 
road, having  an  area  of  3,000  hectares, 
are  actually  converted  into  inacces- 
sible swamps  and  left  in  an  unculti- 
vated condition  because  of  the  lack  of 
systematic  drainage  works. 

The  water  of  the  Arroyo  Valcheta, 
which  according  to  the  rainfall  varies 
in  volume  from  20,000,000  to  70,000,- 
000  cubic  meters  a  year,  is  lost  in 
swamps  and  by  evaporation  from  salt 
lakes. 


The  existing  population  of  the  re- 
gion and  such  activities  as  have 
developed  are  exposed  without  pro- 
tection to  the  great  variations  and 
irregularities  of  precipitation,  which 
two  or  three  years  out  of  every  fifteen 
occasion  serious  losses  in  herds  and 
crops. 


Possible  CoNDmoNs 

The  dty  of  San  Antonio  may  be 
abundantly  supplied  with  water,  which 
can  be  carried  to  the  port  in  a  pipe 
line  leading  from  a  reservoir  near 
Valcheta. 

The  railroad  may  be  supplied  with 
water  at  each  one  of  the  seven  stations 
between  Valcheta  and  San  Antonio, 
from  the  same  pipe  line  as  that  which 
would  supply  the  dty. 

The  plains  adjacent  to  the  railroad 
between  San  Antonio  and  Valcheta 
may  be  supplied  the  year  round  with 
water  distributed  to  distances  of  10 
kilometers  or  more  on  each  side  of 
the  railroad,  by  means  of  auxiliary 
pipe  lines  and  drinking-troughs. 

The  lands  in  the  valley  of  Valcheta 
which  are  suitable  for  cultivation  by 
means  of  dry  farming  or  by  planting 
in  alfalfa  may  be  protected  against 
excess  of  water  by  diverting  a  large 
part  of  the  flow  of  the  stream  into  a 
reservoir. 

The  water  of  the  Arroyo  Valcheta, 
when  turned  into  a  reservoir,  may  be 
used  in  part  as  above  indicated  for  the 
dty,  the  railroad,  and  grazing  in  the 
railroad  zone,  while  the  larger  part 
may  be  applied  to  irrigate  3,000  or 
more  hectares  of  appropriatdy  situ- 
ated lands. 

The  existing  population  and  its  in- 
dustries may  be  protected  so  far  as  is 
in  the  power  of  human  means,  by 
appropriate  use  of  the  waters  gathered 
in  the  reservoir  during  the  years  of 
abundance  and  distributed  during 
those  of  scardty  • 


In  view  of  the  contrast  between  existing  conditions  and 
those  which  may  be  established  by  the  constraction  of  the  Val- 
cheta reservoir,  it  can  hardly  be  doubted  that  the  reservoir  will 
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eventually  be  built.  The  fact  that  the  project  is  practicable 
from  the  enginieer's  point  of  view  has  been  sufficiently  shown  by 
the  surveys  which  have  been  completed. 

In  the  course  of  the  study  of  the  lands  suitable  for  irrigation 
by  the  Arroyo  Valcheta,  a  survey  was  made  of  a  route  by  which 
the  water  might  be  conducted  in  a  pipe  line  toward  the  north- 
west, with  a  view  to  irrigating  a  portion  of  the  Bajo  de  Valcheta 
west  of  the  actual  valley  of  that  stream  and  in  the  vidnily  of 
the  Laguna  de  Tres  Picos.  The  survey  showed  that  it  would 
be  practicable  to  lead  the  water  from  the  reservoir  near  Valcheta 
across  the  little  canyon  of  the  stream  and  through  a  depression 
in  the  hills  to  the  locality  mentioned,  but  the  cost  would  probably 
be  greater  than  that  of  conducting  the  water  to  localities  along 
the  railroad  east  of  Valcheta,  and  there  would  be  no  compensat- 
ing advantage.  If  this  conclusion  is  correct  the  western  portion 
of  the  Bajo  de  Valcheta  must  depend  on  the  Arroyo  Nahud 
Niyeu  and  the  Yamintia  for  the  irrigation  of  such  lands  as  may 
be  adequately  supplied  by  those  streams. 

The  Arroyo  Nahud  Niyeu,  like  the  Valcheta,  rises  in  springs 
at  the  foot  of  a  lava  plateau  and  recdves  a  tributary,  the  Arroyo 
Trineta,  which  has  a  similar  source.  The  volmne  of  the  stream 
is,  however,  probably  not  over  one-half  that  of  the  Arroyo  Val- 
cheta. The  upper  valley  of  the  Nahud  Niyeu  is  a  narrow  canyon 
in  which  there  are  no  lands  suitable  for  agriculture.  The  water 
is  therefore  not  of  any  value  except  for  stock,  until  it  passes  the 
railroad.  There  the  canyon  opens  into  the  plain  of  the  Bajo 
de  Valcheta  and  the  stream  runs  through  an  extensive  area  of 
land  suitable  for  irrigation.  The  soil  is  a  fine  clay  loam,  a  meter 
or  more  in  depth,  overlying  a  subsoil  composed  of  fine  loam  and 
gravd.  The  surface  has  a  gentle  slope  and  areas  may  be  se- 
lected which  will  give  desirable  conditions  of  drainage.  Areas 
which  are  too  gravelly  or  sandy  on  the  surface,  as  wdl  as  those 
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which  lie  too  low  to  drain  properly  may  be  left  out  of  account^ 
for  the  available  lands  are  greatly  in  excess  of  the  water  which 
can  be  procured  to  irrigate  them. 

A  reservoir  site  on  the  Nahuel  Niyeu  is  to  be  found  a  short 
distance  above  the  railroad  crossing.  Surveys  will  be  necessary 
in  order  to  determine  whether  the  reservoir  shall  be  produced 
by  the  construction  of  an  earth  dam  across  the  wider  valley  near 
the  railroad  or  by  the  construction  of  a  rock  dam  in  the  narrower 
canyon  2  kilometers  farther  upstream.  In  case  the  former  loca- 
tion be  chosen  the  dam  would  be  much  longer  but  the  storage  of 
water  much  greater;  in  case  the  reservoir  be  located  in  the 
canyon  it  would  be  necessary  to  build  a  higher  dam  and  the 
storage  capacity  would  be  relatively  small.  A  study  of  this 
question  was  b^un  by  the  Comisi6n  but  was  left  unfinished 
because  of  the  necessity  of  taking  up  more  urgent  work  in  the 
Cordillera. 

The  waters  of  the  Arroyo  Trineta  ordinarily  do  not  flow  on 
the  surface  to  the  Arroyo  Nahuel  Niyeu,  as  they  sink  before 
reaching  it.  About  the  head-springs  there  are  lands  where  they 
can  be  used  to  advantage,  and  it  is  probable  that  they  would 
not  enter  into  consideration  in  connection  with  the  irrigation 
of  the  Bajo  Valcheta. 

The  Arroyo  Yamintia  flows  from  a  niunber  of  head-streams 
in  a  narrow  valley  which  widens  just  above  a  rocky  gorge  known 
as  La  Portada.  There  the  waters  sink  in  the  gravel,  and  below 
that  point  the  bed  of  the  stream  usually  remains  dry.  For  that 
reason  it  has  come  to  be  known  as  the  Arroyo  Seco.  The  Por- 
tada would  afford  an  excellent  opportimity  for  the  construction 
of  a  dam  to  impound  the  flow  that  is  now  completely  lost.  The 
stream  is  probably  of  about  the  same  size  as  the  Nahuel  Niyeu. 
Each  will  yield  a  mean  annual  flow  of  over  a  cubic  meter  a  second; 
together  they  would  furnish  approximately  40,000,000  cubic 
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meters  a  year  and  would  suffice  to  irrigate  between  3,000  and  5,000 
hectares.  It  is  impossible  to  give  more  exact  data  without  more 
careful  investigation  of  the  flow  of  the  streams  and  the  con- 
ditions that  would  govern  the  storage  of  the  waters. 

If  we  consider  the  problem  of  irrigation  in  the  Bajo  de  Val- 
cheta  as  a  whole,  it  is  evident  that  the  Valcheta  project  should 
be  carried  out  first,  as  the  water  supply  of  San  Antonio  and  of  the 
railroad  depends  upon  it,  and  it  also  will  serve  to  irrigate  a  larger 
area  than  either  of  the  other  projects.  The  development  of  the 
Arroyo  Nahuel  Niyeu  and  the  Arroyo  Yamintia  will  no  doubt 
follow  in  the  future. 

In  the  region  west  of  the  Bajo  de  Valcheta  agriculture  will 
be  practised  on  valley  lands  where  springs  furnish  a  supply  of 
water,  but  the  suitable  areas  are  very  small,  and  there  is  nothing 
pecuUar  in  the  conditions  to  invite  special  consideration.  On  the 
other  hand,  the  valleys  tributary  to  Lago  Carilaufquen,  com- 
prising the  Maquinchao,  the  Quetriquile,  and  the  Guaguel 
Niyeu,  contain  extensive  areas  of  gravelly,  sandy,  or  swampy 
valley  plains,  which  will  eventually  be  brought  under  cultivation 
to  the  extent  that  the  available  water  supply  permits.  In  the 
absence  of  adequate  surveys  it  is  not  possible  to  state  what  the 
total  areas  are,  but  they  may  be  roughly  indicated  by  the  fact 
that  the  distances  along  the  streams  are  from  30  to  70  kilometers, 
and  the  plains  vary  in  width  from  i  to  3  kilometers  or  more. 
The  lands  have  a  greater  extent  than  can  probably  be  adequately 
irrigated,  and  their  development  should  be  preceded  by  a  thorough 
study  of  the  soils,  the  available  waters,  and  the  exposure  to  winds, 
in  order  that  the  best  possible  use  may  be  made  of  the  oppor- 
timities. 

In  describing  the  climate  it  was  stated  that  the  basin  of 
Carilaufquen  lies  in  a  more  arid  zone  than  the  r^ons  either  east 
or  west  of  it.    Although  the  annual  rainfall  in  the  more  humid 
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years  is  axlequate  for  dry  {arming,  it  varies  notably  and  there 
are  periods  when  it  would  not  suffice  and  grain  crops  without 
irrigation  would  fail.  It  is  therefore  not  probable  that  dry  farm- 
ing can  be  successfully  followed  in  this  basin,  even  if  the  con- 
ditions that  prevailed  during  1889  to  1900  should  return,  as  they 
undoubtedly  will.  At  that  time  the  rainfall  was  so  abundant 
that  all  the  streams  ran  full,  the  dry  salinas  became  fresh-water 
lakes,  and  the  plains  were  clothed  with  abundant  pasture  which 
quickly  sprang  up  as  the  moisture  accumulated  in  the  soiL  Those 
who  knew  Maquinchao  at  that  time  are  surprised  at  the  change 
which  has  followed  several  years  of  drought  up  to  1912.  The 
season  of  1913  has  been  one  of  much  greater  rainfall  and  it  seems 
probable  that  there  will  be  a  retxun  to  the  more  humid  conditions. 
The  agriculturist  should  not  be  deceived  by  these  changes.  He 
should  neither  be  discouraged  nor  led  confidently  to  suppose 
that  the  conditions  have  permanently  changed  for  the  better. 
Fluctuations  are  characteristic  of  climatic  conditions  and  they 
are  apt  to  be  extreme  in  semi-arid  regions. 

In  order  to  establish  agriculture  in  this  interior  region  it  is 
necessary,  therefore,  to  provide  means  of  r^ulating  the  supply 
of  water  to  the  fields,  so  that  there  may  be  a  sufficient  amount 
even  during  droughts  and  so  that  the  excess  during  years  of 
greater  rainfall  may  be  controlled.  This  implies  the  construc- 
tion of  irrigation  works  and  drainage  canals.  In  order  that  the 
costs  shall  bear  a  reasonable  ratio  to  the  profits,  each  valley 
should  be  thoroughly  surveyed  and  the  exploitation  should  be 
based  on  exact  knowledge  of  the  local  conditions. 

In  the  valley  of  Maquinchao  some  attention  has  been  given 
to  the  possibilities  of  irrigation.  In  the  section  of  Quetrilinchiqui 
the  stream  runs  through  a  gorge  cut  across  a  lava  flow,  and  the 
narrows  appear  to  offer  an  opportimity  for  damming  it.  A 
brief  examination  of  the  site  makes  it  doubtful,  however,  whether 
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a  dam  at  this  point  would  pay  for  the  cost.  The  canyon  has  a 
rapid  fall  and  the  amount  of  water  which  could  be  stored,  except 
by  a  high  dam,  would  be  small.  The  rock  walls  are  very  much 
fissured  and  probably  could  not  be  made  water-tight  The  val- 
ley bottom  is  filled  with  gravel,  and  the  depth  to  a  solid  rock 
foundation,  though  possibly  not  great,  has  not  been  determined. 
But  the  more  important  question  is  whether  storage  of  the 
waters  of  the  Arroyo  Maquinchao  is  desirable  in  view  of  the 
fact  that  they  spread  widely  in  the  gravel  beds  that  underlie 
the  plains  of  the  lower  valley  and  are  there  within  reach  of  pimip- 
ing  wherever  they  can  be  used  for  cultivation.  It  remains  to  be 
determined  whether  the  cost  of  pimiping  by  windmills  or  by 
engines  adapted  to  the  local  conditions  of  fuel  supply  would  be  a 
heavier  charge  per  hectare  than  the  interest  on  the  capital  which 
would  be  invested  in  the  dam  and  necessary  canals  for  distribut- 
ing the  water  that  might  be  stored.  At  the  present  time  experi- 
ments are  being  made  by  the  English  company  to  which  this 
part  of  the  valley  belongs,  with  a  view  to  determining  the  cost 
of  irrigation  by  pimiping. 

The  valley  of  the  Arroyo  Quetriquile  differs  from  the  Maquin- 
chao valley  in  the  apparent  facility  with  which  its  waters  may  be 
dammed  and  stored,  as  the  stream,  after  acquiring  its  full  vol- 
lune,  passes  through  a  very  narrow  gateway  between  walls  of 
granite  and  thus  appears  to  afford  excellent  conditions  for  the 
construction  of  a  dam  and  the  storage  of  water.  Yet  it  is  in  a 
measure  true  of  this  arroyo,  as  of  the  Maquinchao,  that  the 
waters  distribute  themselves  in  the  gravels  beneath  the  surface 
of  the  plains  that  are  available  for  agriculture  and  may  be  raised 
by  pimiping  as  needed.  Only  a  complete  study  of  the  various 
aspects  of  the  question  will  suffice  to  determine  what  is  the  more 
economical  method  of  utilizing  the  lands. 

The  valley  of  the  Guagud  Niyeu  is  underlain  by  water- 
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bearing  gravels  similar  to  those  beneath  the  Maquinchao  and 
Quetriquile  valleys,  and  its  lower  stretches  also  are  gravel  plains. 
The  upper  portion  of  the  valley,  however,  below  the  Estancia 
Huanuluan,  is  an  extensive  mallin,  which  is  swampy  in  winter 
and  too  dry  in  summer  for  cultivation  without  irrigation.  It 
may  be  irrigated  by  pimiping  the  waters  from  the  underlying 
gravels  and,  being  on  the  railroad,  will  become  an  agricultural 
district  producing  feed  for  stock  in  the  adjacent  plateau  and 
mountain  districts. 

The  valleys  of  the  western  plateau  r^on  are  represented 
by  the  Cumallo,  the  Pilcaniyeu,  the  Escondido,  the  Las  Bayas, 
and  the  Pichileufu.  They  are  in  general  comparatively  narrow, 
and  the  agricultural  lands  along  their  courses  are  small  in  area. 
The  Cumallo  in  few  places  widens  to  1,000  meters,  but  it  carries 
a  fertile  strip  of  rich  mallin  throughout  the  greater  part  of  its 
coturse,  from  a  point  near  the  base  of  the  Anec6n  Grande  to 
the  railroad  crossing.  It  is  interrupted  by  a  rocky  gorge  above 
Casa  Manzana,  and  there  are  gravelly  plains  which  replace  the 
mallin  below  that  point.  Its  cultivation  will  be  an  auxiliary 
to  winter  pasture  for  the  herds  that  will  come  down  into  it  from 
the  higher  smnmer  grazing  lands  on  the  surrounding  hills. 

The  Arroyo  Pilcaniyeu  is  one  of  those  in  this  zone  which  is 
most  favorably  situated  for  cultivation.  It  has  a  comparatively 
wide  valley,  constricted  in  the  middle  by  a  range  of  hills  to  a  very 
narrow  gateway  in  a  massive  granite  ledge,  where  the  stream 
runs  upon  the  bedrock.  At  this  point  the  waters  may  be  suc- 
cessfully dammed  and  a  sufficient  supply  retained  to  irrigate  the 
entire  lower  valley  in  the  vicinity  of  the  estancia  of  Pilcaniyeu 
and  the  railroad.  As  yet  the  company  owning  this  estancia  has 
made  no  attempt  to  develop  the  opportimity  beyond  initiating 
experiments  in  growing  alfalfa  by  irrigation. 

The  Arroyo  Escondido  is  like  the  Pilcaniyeu.    Both  of  these 
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valleys  lie  at  altitudes  of  900  to  i^ooo  meters  above  the  sea  and 
are  subject  to  winter  snows  and  late  frosts  which  will  make  it 
necessary  to  select  a  hardy  variety  of  alfalfa  to  stand  the  climate. 

The  Arroyo  Las  Bayas  issues  from  the  Cordillera,  and  its 
valley  presents  aspects  which  are  peculiar  to  the  streams  that 
rise  in  the  Andes.  The  fluctuations  of  voliune  in  these  streams, 
due  to  the  melting  of  snow  under  the  spring  rains  and  to  the 
greatly  diminished  supply  of  the  late  summer  season,  are  very 
considerable.  Where  the  valleys  are  wide  the  waters  spread 
and  occupy  broad  surfaces  in  times  of  flood,  whereas  they  dwindle 
to  rivulets  in  times  of  scarcity.  The  glaciers  that  formerly  oc- 
cupied the  valleys  in  the  Andes  and  spread  out  upon  the  plains 
along  the  foot-hills  left  immense  quantities  of  coarse  gravel, 
which  the  torrential  streams  have  distributed  in  extensive  plains 
and  bottom  lands.  In  this  region,  therefore,  there  are  plains 
of  rather  coarse  gravel  in  which  the  streams  wander  and  lose 
themselves  and  which  during  the  smnmer  become  very  arid. 
Quite  in  contrast  to  what  would  be  expected  the  conditions  gen- 
erally are  not  favorable  for  agriculture  in  the  Las  Bayas  valley. 

Near  the  east  end  of  Lago  Nahuel  Huapf  the  Pampa  de 
Nahuel  Huapf  offers  excellent  conditions  of  soil  and  water  sup- 
ply for  irrigating  some  2,500  or  3,000  hectares  of  land  suitable 
for  grain  crops  and  possibly  for  hardy  fruits.  The  facts  are 
stated  in  the  description  of  Lago  Nahuel  Huapf  in  the  succeed- 
ing section  on  the  Cordillera. 

Grazing 

The  grazing  industry  has  been  established  in  Patagonia  for 
about  twenty-five  years  and  has  now  spread  throughout  the 
country  to  the  extent  that  nearly  all  the  ranges  are  occupied. 
The  more  accessible  or  more  desirable  districts  are  overstocked; 
the  more  remote  or  less  desirable  also  carry  their  quota  of  the 


Digitized  by 


Google 


GRAZING  127 

vast  flocks  that  populate  the  grassy  plains  and  plateaus.  The 
occupation  of  the  ranges  has  followed  the  extinction  of  the  Indian 
tribes,  by  authority  where  the  Government  has  granted  or  sold 
lands,  or  without  authority  where  squatters  have  temporarily 
taken  possession.  Although  the  private  properties  are  large  in 
area  and  their  nimiber  not  small,  the  public  lands  that  are  being 
exploited  by  irresponsible  owners  of  flocks  are  still  very  extensive. 
The  industry  is  affected  accordingly. 

The  undirected  occupation  of  the  ranges  at  wUl  is  typically 
nomadic.  Your  nomad  is  a  careless  fellow,  heedless  of  the  mor- 
row so  he  have  enough  to-day.  He  thoughtlessly  allows  his 
flocks  to  graze  all  smnmer  long  in  the  valleys  where  they  must 
feed  all  winter,  while  the  smnmer  pastures  go  to  waste,  and  if  he 
be  asked  why  he  pleads  necessity,  for  possession  is  his  only 
right  to  the  range  he  occupies.  If  he  leaves  it  he  loses  it.  His 
self-interest  has  not  yet  been  brought  into  subordination  to 
intelligent  control  directed  to  the  general  welfare.  The  future 
of  the  range  does  not  concern  him.  Many  of  the  squatters  are 
men  of  little  means,  Indians,  halfbreeds,  or  the  poorer  frontiers- 
men, whose  livelihood  is  in  their  little  flocks;  but  there  are  others 
without  title  to  lands  who  represent  wealthy  sheep-owners  and 
are  responsible  for  the  large  retiuns  that  are  expected  where  no 
capital  beyond  the  cost  of  the  sheep  is  invested.  They  also  are 
without  concem  for  the  future  of  the  ranges,  though  many  of 
them  are  so  powerful  that  they  retain  absolute  possession  year 
after  year  and  may  even  fence  the  Government  lands  or  put  up 
substantial  buildings.  Up  to  1913  these  flocks  had  grazed  on 
public  lands  without  paying  any  tax,  but  there  is  now  in  force 
a  presidential  decree  which  levies  10  centavos,  or  4  cents  gold, 
a  head  on  sheep  and  50  centavos  a  head  on  cattle  or  horses, 
annually.    This  is  a  step  toward  regulation  of  the  industry. 

Under  the  conditions  that  have  prevailed  for  twenty  years 
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past  the  Patagonian  pastures  have  been  exploited  for  immediate 
profit,  and  they  have  3delded  great  wealth.  More  and  more 
attention  is  being  drawn  to  them  and  now  that  the  population 
in  sheep  is  probably  approaching  the  capacity  of  the  ranges,  it 
is  time  to  substitute  intelligent  direction  and  foresight  for  care- 
less and  irresponsible  grazing.  Flocks  should  so  migrate  from 
season  to  season  that  they  may  feed  upon  the  ranges  now  aban- 
doned to  the  guanaco  and  the  ostrich  when  grass  and  water  are 
abundant  and  retxun  to  the  more  constant  pastures  after  the 
seed  time  of  the  pasture  plants.  The  stockman  must  set 
aside  the  careless  assiunption  that  grass  will  grow  year  after 
year  from  the  old  roots,  although  it  be  nibbled  down  before  the 
seed  sets,  again  nibbled  down  when  the  young  shoots  sprout 
with  the  first  rains,  and  be  kept  nibbled  down  through  rain  and 
drought  alike.  It  should  be  recognized  that  as  the  edible  plants 
diminish  the  useless  ones  spread — that  it  is  possible  to  change  the 
flora  of  the  r^on  materially,  to  substitute  the  thorny  and  the 
bitter  for  the  sweet  and  nutritious.  All  owners  should  realize  that 
the  pasture  of  the  range  is  their  capital,  and  that  when  it  is  being 
diminished  by  overgrazing  dividends  are  being  paid  from  capital. 

In  spite  of  the  fact  that  the  ranges  have  been  exploited  with- 
out care  for  a  quarter  of  a  century,  they  continue  to  support 
increasing  nimibers  of  sheep,  together  with  a  smaller  proportion 
of  horses  and  cattle.  The  persistence  of  the  native  pasture  is 
thus  well  demonstrated  and  its  capacity  when  it  shall  be  intel- 
ligently managed  may  confidently  be  estimated  as  much  greater 
than  that  which  it  now  has. 

The  ranges  of  Patagonia  were  gradually  stocked  from  the 
flocks  of  the  northern  provinces,  which  were  composed  of  crioUo 
and  mestizo  breeds.    Gibson'*'  states  that  the  crioUo  was  de- 

*  Gibson,  Herbert,  "The  History  and  Present  State  of  the  Sheep-Breeding  Industry 
in  the  Argentine  Republic/'  Buenos  Aires,  1893,  page  13  et  seq. 
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scended  from  the  Spanish  merino  but  at  the  beginning  of  the 
nineteenth  century  had  gradually  degenerated.  Improvement 
of  the  stock  by  crossing  with  imported  merinos  resulted  in  the 
mestizo.  Referring  to  the  date  at  which  he  wrote  (1893),  he 
says:* 

The  greater  portion  of  the  sheep  stock  in  the  Argentine  is  of  the 
fine-wooled  or  merino  sort.  The  two  principal  classes  which  have 
served  as  prototypes  are  the  Rambouillet  and  Negretti,  the  former 
being  the  more  popular  owing  to  its  superior  size.  These  two  great 
branches  of  the  merino  family  have  served  as  standard  types  up  to 
which  the  general  breeder  aspires  to  refine  his  stock.  The  common 
fine-wooled  flocks  aU  resemble  more  or  less  one  of  these  two  classes, 
in  proportion  to  the  amount  of  care  and  outlay  which  have  been  ex- 
pended by  their  owners  to  obtain  rams  of  first-dass  quaKty.  The 
niunber  of  pure  Rambouillets  and  Negrettis  is  of  course  very  limited, 
and  the  common  flocks  are  classed  as  mestizos  j  a  term  specially  applied 
to  the  sheep  which  have  no  other  blood  in  them  than  that  of  the 
primitive  crioUo  improved  by  crossing  with  the  merino.  The  Aus- 
tralian merino  has  been  introduced  upon  one  or  two  occasions  without 
obtaining  much  foothold  with  the  Argentine  breeders,  who,  upon 
comparing  the  Australian  animals  they  saw  offered  for  sale  with  their 
own  stock,  found  the  latter  better  types  of  their  ideal.  The  Vermont 
has  been  introduced  from  North  America  and  has  done  well  when 
crossed  with  the  RambouiUet. 

A  nimiber  of  breeders  in  the  north  of  the  Province  of  Buenos 
Aires  have  had  the  foresight  to  resist  the  general  rush  to  cross  the 
merino  with  the  long-wool  (Lincoln,  Romney  Marsh,  etc.)  and  have 
preferred  to  keep  their  sheep  pure  in  the  face  of  a  falling  market. 
Others  have  contented  themselves  with  preserving  one  or  two  of  their 
1[>est  flocks  pure  and  have  crossed  the  remainder  of  their  stock  with 
long-wools.  It  is  probable  that  at  the  present  time  nearly  one-half 
of  the  total  sheep  in  the  Argentine  own  to  one  cross  or  more  with  the 
Lincoln  or  Leicester  breeds,  principally  with  the  former.  The  pure 
merinos  or  mestizos — that  is,  those  entirely  free  of  contamination 
with  the  long-wools — are  chiefly  to  be  found  in  the  north  and  west 
of  the  Province  of  Buenos  Aires,  in  the  Provinces  of  C6rdova,  Santa 
Fe,  and  Entre  Rios,  and  the  Pampa  Central.    A  few  runs  are  still  to 

*  Op.  dt,  page  40. 
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be  found  in  the  east  and  south  of  the  Province  of  Buenos  Aires  where 
there  are  pure  merino  flocks,  but  these  are  generally  standard  farms 
which  have  obtained  celebrity  for  their  produce  and  command  a 
market  for  their  rams  and  increase.  Judging  from  the  continued  and 
still  increasing  demand  for  Lincoln  sires,  it  may  be  presaged  that  in 
another  four  or  five  years  the  pure  merino  or  mestizo  stock  left  in 
the  Argentine  will  be  a  very  small  fraction  of  the  whole.  The  years 
1888  to  1893  are  witnessing  the  conversion  of  50,000,000  sheep  from 
one  type  to  another — a  conversion  probably  without  parallel  in  the 
annals  of  the  sheep-breeding  industry. 

The  Lincolns,  or  other  long-wools,  of  a  sufficiently  improved  breed 
to  be  entitled  to  rank  above  a  cross — ^viz.,  the  sheep  whose  fleeces 
bear  all  the  characteristics  of  the  home  long-wool — are  not  yet  very 
nimierous,  though  each  year  of  crossing  greatly  increases  the  number. 
The  most  popular  of  the  long-wools  is  unquestionably  the  Lincoln. 
These  have  been  largely  imported  from  England  and  crossed  with 
mestizo  sheep,  as  well  as  bred  pure.  The  wool  sells  well,  particularly 
the  first  and  second  crosses,  which  topped  the  market  in  1889  and  1890. 
The  fleece  of  these  first  strains  is  heavy  and  the  wool  healthy  and  fine, 
being  considerably  longer  in  staple  than  that  of  the  merino  and  still 
sufficiently  soft  to  suit  the  manufacturer.  The  offspring  of  the  long- 
wooled  sire  and  the  tnestiza  dam  is  healthy  and  vigoroi^,  of  a  larger 
build  than  the  mestizo,  and  a  kindly  fattener — ^more  so,  indeed,  than 
the  later  crosses,  which  approach  the  Lincoln  more  closely  in  type. 
As  the  process  of  crossing  goes  on,  the  wool  gains  in  length  but  loses 
in  fineness.  The  Lincoln  stamps  his  type  upon  the  stock  very  rapidly. 
Other  long-wools,  such  as  the  Leicester,  the  Cotswold,  and  the  Romney 
Marsh,  have  been  introduced  without  obtaining  very  general  favor. 
The  Romney  Marsh,  with  its  healthy  frame  and  soft  wool,  may  pos- 
sibly become  a  greater  favorite  than  it  is  at  present,  when  the  general 
breeder  has  learned  to  distinguish,  with  greater  discrimination  than 
he  can  at  present  boast,  the  various  classes  of  the  English  sheep.  The 
Cheviot  has  also  been  imported,  but  in  too  small  quantities  to  be 
worthy  of  notice;  nor  is  it  likely  that  this  breed,  adapted  for  a  poor, 
cold  country,  with  an  inferior  fleece  of  irregular  coarse  staple  and 
light  weight,  will  find  much  favor  in  a  land  capable  of  carrying  more 
productive  though  more  delicate  stock. 

Not  only  does  the  Lincoln  cross  supply  a  salable  fleece  of  excellent 
quality  aud  weight,  but  it  also  gives  the  European  market  the  carcase 
most  in  favor  with  the  public — a,  mediiun  size  of  sweet  flavor.    The 
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cross  still  preserves  the  delicate  mutton  so  well  known  in  all  the  merino 
breeds  and  at  the  same  time  possesses,  by  reason  of  its  Lincoln  blood, 
a  capacity  for  fattening  not  enjoyed  by  the  pure  fine-wool.  When, 
however,  the  cross  becomes  of  a  too  pronounced  Lincoln  type,  the 
mutton  loses  its  quality,  gaining  considerable  weight  in  its  place. 
The  home  markets  look  upon  frozen  mutton  as  an  article  so  inferior 
to  that  produced  in  the  Old  World  that  they  have  not  yet  pronounced 
in  favor  of  any  special  breed;  but  the  day  cannot  be  far  distant  when 
this  will  cease  to  be  the  case,  and  then  the  coarse-grained  pure  Lin- 
coln will  fall  into  disfavor  with  the  freezing  establishments. 

Argentine  wool  finds  its  way  principally  to  Germany  and  France. 
The  manufacturers  of  both  these  countries  send  buyers  out  in  the 
wool  season,  and  most  of  the  wool  is  sold  to  them  in  tiie  local  Buenos 
Aires  markets.  Some  breeders  bale  their  wool  and  remit  it  to  the 
European  markets  for  sale  there,  but  these  are  chiefly  English  sheep- 
owners,  and  the  nimiber  of  them  is  small.  Wool  is  not  washed  on 
the  sheep's  backs,  but  is  all  sold  dirty  and  in  the  grease. 

The  merino  wools  grown  in  the  Argentine  can  compete  in  fine- 
ness, length  of  staple,  and  elasticity  with  those  from  any  other  quarter 
of  the  globe.  Taken  in  its  total  annual  return,  the  merino  wool  of 
this  country  is  probably  inferior  to  that  of  Australia.  The  general 
breeder  is  not  so  careful  of  his  stock  and  the  tups  he  puts  to  it,  and 
the  result  is  that  the  unquestionable  excellence  of  a  portion  of  our 
animal  produce  is  counterbalanced  by  a  great  deal  of  comparatively 
worthless  rubbish.  Where  care  has  been  taken  to  breed  good  stock 
the  return  has  been  highly  satisfactory. 

The  question  lies  to-day  between  the  merino  as  represented  by 
the  Rambouillet  and  Negretti  breeds,  and  the  long-wooled  white- 
face  as  represented  by  the  Lincoln.  At  present  the  amalgamation 
of  the  two  races  has  supplied  us  with  a  good  useful  sheep,  combining 
excellent  conditions  in  both  wool  and  mutton.  Whether  the  breeder 
is  to  continue  crossing  toward  the  type  of  the  long-wool  or  return 
again  to  the  merino  is  a  problem  which  he  must  solve  according  to 
the  situation  of  his  property,  his  proximity  or  distance  from  the 
market,  and  the  nature  of  the  soil  and  climate. 

The  following  may  be  taken  as  a  rough  distribution  of  the  two 
great  families  of  bleaters: 
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1.  If  the  land  be  situated  conveniently  near  the  seaboard  and 
the  mutton  market,  the  rainfall  a  moderately  heavy  one,  the  climate 
hiunid,  and  the  soil  underfoot  inclined  to  be  swampy  or  damp,  the 
grass  of  a  tender,  lush,  and  nutritious  nature — then  the  best  ^eep 
to  breed  is  the  long-wool  of  a  more  or  less  Lincoln  type.  Lands  of  this 
description  are  those  to  be  found  principally  in  the  Province  of  Buenos 
Aires,  in  that  part  of  it  nearest  the  seaboard,  and  so  on  to  the  south, 
possibly  so  far  toward  the  extremity  of  the  continent  as  the  Depart- 
ment of  Santa  Cruz.  This  is  the  field  where  mutton  is  of  as  great 
importance  as  wool  and  where  the  food  for  a  considerable  part  of 
over-crowded  Europe  can  be  grown.  Here  the  breeder  should  always 
have  in  view  the  mutton  market,  endeavoring  to  produce  on  the 
carcase  as  good  a  fleece  as  he  can  without  sacrificing  the  meat-growing 
qualities  of  the  animal. 

2.  If  the  land  be  situated  at  so  great  a  distance  from  the  market 
as  to  render  it  almost  unattainable  for  want  of  inexpensive  railway 
conmiunication,  if  the  rainfall  per  annimi  be  under  26  inches,  the 
ground  dry  underfoot  and  dews  unfrequent,  the  atmosphere  fairly 
dry,  the  grasses  strong,  nourishing,  and  of  the  family  belonging  to 
healthy  dry  soils — then  the  best  sheep  to  breed  is  the  merino  of  a  more 
or  less  Rambouillet  type.  Here  the  mutton  question  takes  a  secondary 
place,  and  the  breeder  should  think  chiefly  of  the  fleece.  Here  the 
golden  fleece  of  merino  silk  can  be  grown  to  perfection,  and  the  deli- 
cate bleater  walk  foot-whole  in  search  of  his  food. 


Before  terminating  this  chapter,  it  may  be  interesting  to  note 
how  the  Argentine  wools  fared  in  the  great  Paris  International  Exhi- 
bition of  1889. 

Of  236  prizes  given  to  the  exhibits  of  wool,  102  were  won  by  the 
Argentine  Republic,  of  which  23  were  gold  medals.  The  following 
is  the  proportion  allotted  to  the  competing  countries: 


GoldMedab 


ToUl  Prizes 


France 

Australia 

Cape  of  Good  Hope 
Argentine  Republic. 
Other  countries 


4 
10 

3 
23 

14 


6 

27 

14 

102 

87 
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At  the  time  when  Gibson  wrote,  Patagonia  was  not  recognized 
as  a  part  of  the  Argentine  Republic  sheep  range  and  his  remarks 
apply  to  the  central  provinces  north  of  the  Rio  Colorado.  There 
is,  however,  in  Patagonia  a  range  of  climate  from  the  warm 
semi-arid  plateaus  of  the  Rio  N^ro  to  the  cold  wet  lands  of 
Tierra  del  Fuego  which,  although  more  extreme,  is  not  imlike 
the  variation  from  the  coast  of  Buenos  Aires  to  the  interior 
and  which,  in  r^ard  to  sheep-raising,  presents  similar  differences 
of  habitat. 

Mr.  John  Hoare*  in  a  recent  letter  says: 

As  Patagonia  extends  over  such  a  vast  tract  of  territory  and  is 
subject  to  many  variations  of  climate  and  rainfalls  and  as  both  have 
a  very  material  influence  on  the  growth  and  character  of  sheep  and 
wool,  for  the  purpose  of  this  report  it  is  preferable  to  take  the  provinces 
as  they  come,  starting  from  Rio  Negro  in  the  north  and  extending 
southward  to  the  neighborhood  of  Cape  Horn  in  the  south  of  Tierra 
del  Fu^o.  Taken  as  a  whole  Patagonia  must  be  described  as  a  dry 
land,  the  country  to  the  north  from  the  coast  inland  well  toward  the 
Cordilleras  being  particularly  rainless  at  times  and  the  majority  of 
it  clothed  with  scanty  dry  herbage  and  scrub  suitable  only  to  hardy 
active  sheep  that  can  travel  long  distances  for  food  and  water,  and 
here  the  merino  has  generally  found  a  home.  The  wool  is  usually 
of  good  quality,  but  the  staple  is  short  and  prevailing  dust  storms 
have  filled  it  with  earth,  making  the  estimate  of  clean  scoured  basis 
difficult  to  ascertain  and  rendering  much  of  it  brittle  and  tender  from 
the  absorption  of  the  natural  greases.  Under  the  Cordilleras  con- 
ditions are  different;  there  is  a  much  heavier  rainfall  and  half-bred 
wools  can  be  grown  with  success.  Means  of  transport  is  the  present 
difficulty  in  the  development  of  this  coimtry  but  the  San  Antonio 
Railway,  when  the  proposed  circuit  to  Rivadavia  is  completed,  should 
have  much  to  do  with  solving  the  problem.  The  prevalence  of  scab, 
the  ruling  curse  of  the  whole  of  Patagonia,  and  the  small  rainfall  are 

*  Through  the  courtesy  of  Mr.  Walter  Woodl^ine  Parish,  the  writer  is  indebted  to 
Messrs.  John  Hoare  &  Ca,  of  London, Messrs.  Ronald  &  Rodgers,  of  Liverpool,  and  Messrs. 
Kreglinger,  of  Antwerp,  for  data  in  regard  to  the  sheep  industry  in  Patagonia  and  the 
quality  of  the  wool  produced,  which  supplement  his  own  observations,  and  which  he  has 
utilized  in  the  preparation  of  this  statement. 
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the  evil  influences  of  the  growing  of  wool;  the  latter  cannot  be  helped, 
but  the  former  might  surely  attract  greater  attention  from  the  Gov- 
ernment. In  Australia  since  the  Executive  has  taken  the  matter  in 
hand  not  a  single  scabby  sheep  exists  in  the  whole  dominion,  saving 
huge  amounts  in  the  purchase  of  dip  and  the  lives  of  innimierable 
sheep  that  die  from  being  constantly  handled  at  dipping  times  in  all 
kinds  of  weather.  The  introduction  of  long-wooled  merino  rams 
from  Australia  is  having  the  most  beneficial  effect  upon  the  fleeces 
on  some  of  the  best  regulated  estandas  and  much  can  be  done  this  way 
in  improving  both  the  quaUty  and  length  of  staple. 

Farther  south,  in  the  Province  of  Chubut  and  in  the  north  of 
Santa  Cruz,  conditions  are  a  little  better,  and  although  still  too  dry, 
there  is  a  heavier  rainfall  than  in  the  north,  and  grass  and  water  are 
more  plentiful.  Here  the  prevailing  breed  of  sheep  is  the  merino 
and  a  half-breed  between  the  Romney  Marsh  and  the  merino,  leaning 
considerably  toward  the  latter  and  having  many  of  its  characteristics. 
Dust  and  scab  are  again  prevalent.  The  influence  of  the  four  Frigo- 
rfficos  that  have  been  established  from  San  Juli&n  to  the  Rio  Seco, 
in  the  Straits  of  Magellan,  is  already  being  felt  on  the  flocks;  the 
desire  is  to  grow  heavier  sheep  to  send  to  the  freezers,  to  the  detriment 
of  the  wool,  the  deteriorating  effect  of  the  dust  and  drying  winds 
being  more  apparent  in  coarser  and  open  fleeces. 

In  the  neighborhood  of  Gallegos  and  the  Straits  conditions  again 
improve,  the  rainfalls  increase  and  the  soil  is  better,  rich  vegas  are 
more  prevalent,  and  the  size  of  the  sheep  and  quaUty  of  the  wool 
alter.  The  merino  has  entirely  disappeared,  Ronmey  Marsh  or 
Kent  sheep  with  their  crosses  taking  their  place,  and  this  continues 
south  to  Tierra  del  Fuego  until  the  wet  marshy  lands  by  Ushuaia  are 
reached,  capable  of  producing  as  heavy  a  fleece  and  carcase  as  any 
place  in  the  world. 

From  this  it  will  be  seen  that  Patagonia  can  produce  anything 
from  a  merino  to  a  Lincoln,  and  sheep  of  nearly  every  class  and  de- 
scription can  be  foimd  on  journeying  from  the  extreme  north  to  the 
extreme  south. 

Speaking  generally,  the  wool  grown  is  of  a  dry,  harsh  character. 
It  is  entirely  free  from  burr  and  seeds  and  is  being  continually  im- 
proved by  the  importation  of  rams  from  England  and  Australia.  It 
usually  washes  a  pure  white  and  is  peculiarly  adapted  to  hosiery  pur- 
poses. Large  quantities  are  purchased  by  the  hosiery  spinners  of 
Yorkshire,  Germany,  and  France  and  turned  into  knitting  yams 
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and  worked  up  into  the  knitted  clothing  that  is  at  present  so  fash- 
ionable in  the  winter  resorts  of  Switzerland  and  the  Austrian  Tyrol. 

The  quality  of  all  wool  is  governed  by  climatic  conditions  and 
pastures,  the  dry,  hard  grasses  and  bushes  of  Rio  Negro  producing 
quite  a  different  class  to  the  luxuriant  vegas  of  Tierra  del  Fuego. 
This  can  never  be  altered,  but  the  wool  can  be  help^  by  drafting 
and  breeding,  and  considering  Patagonia  has  been  growing  sheep 
only  for  a  little  over  a  quarter  of  a  century  and  started  with  animals 
of  very  inferior  quality,  the  improvement  shown  in  most  of  the  flocks 
is  already  little  ^ort  of  marvelous  and  many  of  the  estandas  of  the 
south  are  now  producing  a  sheep  which  for  carcase  and  wool  leaves 
room  for  few  suggestions  in  the  way  of  breeding. 

In  the  selection  of  breeds  for  different  localities  in  Patagonia, 
English  and  Australian  owners  have  exerted  the  predominant 
influence,  and  at  the  present  time  managers  from  Australia  in 
charge  of  large  English  estandas  in  Rio  N^ro  are  improving 
their  flocks  by  the  introduction  of  Australian  merino  rams  for 
the  special  purpose  of  increasing  the  length  of  the  fiber.  Intel- 
ligent breeding  for  a  better  dass  of  sheep  is  handicapped  by  the 
wide  distribution  of  the  crioUo  sheep,  which  still  predominates, 
and  this  must  be  the  case  as  long  as  the  Government  lands  are 
occupied  by  the  flocks  of  squatters.  The  better  managed  es- 
tandas are  fenced  and  their  flocks  in  some  measure  isolated,  but 
even  so  it  is  not  possible  to  entirdy  exdude  nomadic  sheep  which 
cross  private  lands  on  established  rights  of  way,  and  Government 
supervision  does  not  yet  afford  suffident  protection  to  the  better 
class  of  proprietors. 

One  of  the  prindpal  difficidties  imder  which  the  sheep  in- 
dustry suffers  in  Patagonia  is  scab,  which  is  of  general  occurrence 
through  the  entire  coimtry.  The  cost  of  dipping  and  the  loss 
of  sheep  in  consequence  of  dipping  to  prevent  scab  constitute 
a  serious  charge  upon  the  better  flocks  and  one  which  can  not 
be  avoided  as  long  as  the  nomadic  sheep  passing  through  the 
private  ranges  may  continue  to  distribute  the  tick.    Any  or  all 
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flocks  of  sheq)  that  can  be  isolated  can  be  cured  entirely,  and  it 
has  been  demonstrated  in  Australia  that  the  disease  can  be 
absolutely  eradicated  from  the  coimtry.  The  control  of  the 
disease  and  its  ultimate  extinction  in  Patagonia  should  be  one 
of  the  principal  objects  of  the  Government  in  the  regulation  of 
the  sheep  industry. 

The  wool  now  produced  in  the  drier  lands  of  Rio  Negro  and 
the  foot-hills  of  the  Cordillera  of  Rio  Negro  and  northern  Chubut 
is  said  to  be  of  very  desirable  quality  for  the  manufacture  of 
fine  flannels  and  fine  hosiery.  The  wool  is  soft,  of  good  color, 
being  generally  very  white,  of  fine  fiber,  and  free  from  burrs. 
It  is  lacking  in  strength  and  is  not  adapted  to  manufactiu'es 
where  strength  is  an  important  characteristic.  At  present  it  is 
shipped  from  the  English  estandas  via  San  Antonio  or  Puerto 
Madryn  to  England,  or  by  German  conmiission  houses  to  Ger- 
many. It  is  manufactured  in  England;  at  Verviers,  France; 
and  in  Germany. 

The  high  winds  and  flying  dust  of  the  Pampas  produce  a 
very  dirty  fleece,  which  is  dry  and  harsh.  It  is  difficult  to  esti- 
mate the  proportion  of  clean  wool  which  the  fleece  will  yield, 
and  buyers  are  accordingly  cautious  in  piu'chasing.  These 
conditions  are  exaggerated  in  the  open  fleeces  of  the  criollo  sheep 
and  are  minimized  with  the  improvement  in  length  and  fineness 
of  the  fleece.  In  the  opinion  of  those  who  have  been  familiar 
with  the  development  of  the  sheep  industry  in  Argentina  and 
in  South  Africa  and  have  watched  the  improvements  resulting 
from  the  introduction  of  high-class  rams,  there  is  good  reason 
to  expect  that  the  Patagonian  sheep  will  be  improved  and  bred 
to  a  high  degree  of  perfection.  This  is  still  more  likely  to  be 
accomplished  because,  owing  to  its  climate  and  vegetation,  the 
greater  part  of  Patagonia  must  always  be  a  sheep-produdng 
coimtry.    The  industry  is  a  permanent  one  and  will  develop 
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under  intelligent  supervision  and  scientific  management  far 
beyond  the  present  standards  of  quality. 

The  total  area  of  Rio  N^gro  and  Neuqu£n  is  14,400  square 
leagues  and  the  nimiber  of  sheep  now  supported  is  estimated,  as 
stated  in  the  table  on  page  20,  as  9,576,154.  This  is  equivalent, 
on  the  average,  to  665  sheep  to  the  legua  or  square  league. 

It  is  the  common  practice  among  the  sheep  herders  to  state 
the  capacity  of  any  particular  range  as  so  many  sheep  to  the 
legua,  meaning  the  nimiber  of  sheep  which  may  be  grazed  the 
year  aroimd  upon  an  average  l^ua  of  that  district,  and  the 
total  capacity  of  any  estanda  is  obtained  by  multiplying  the 
number  of  l^uas  by  the  annual  capacity  to  the  l^;ua.  This 
annual  capacity,  so  stated,  varies  in  different  districts  from  600 
to  2,000  sheep  to  the  legua,  the  lower  figure  being  that  which 
applies  to  the  most  arid  and  barest  districts,  and  the  higher  to 
the  rich  valley  lands,  including  the  mallins.  In  order  to  estimate 
the  probable  population  in  sheep  which  Rio  N^gro  may  be  ex- 
pected to  support  upon  the  natural  pasture  we  may  leave  out  of 
consideration  a  portion  of  the  Bajo  del  Gualicho  and  some  sec- 
tions of  the  high  plateaus  in  the  southem  portion  of  the  Territory. 
The  Bajo  del  Gualicho  should  be  omitted  because  it  is  in  many 
seasons  so  arid  that  herds  grazing  in  it  die  of  starvation  or  thirst. 
Of  the  high  plateaus  only  a  relatively  small  part  can  be  considered 
available  because  the  remoter  areas  are  too  inaccessible  to  be 
reached  during  the  short  grazing  season  of  these  highlands.  The 
remainder  of  the  territory  is,  on  the  whole,  good  pasture,  and  its 
capacity  is  fairly  estimated  as  being  on  the  average  equivalent 
to  1,000  sheep  to  the  legua,  grazing  throughout  the  year.  As 
the  nimiber  of  leguas  in  Rio  Negro,  after  deducting  the  waste 
areas,  is  about  11,500,  the  possible  population  of  sheep  may  be 
estimated  as  11,500,000  imder  eidsting  conditions. 

Although  this  estimate  is  based  upon  the  annual  capacity, 
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it  is  not  true  that  most  of  the  range  should  or  can  be  used  through- 
out the  year.  There  are  extensive  valley  lands  which,  by  reason 
of  their  rich  pasture,  may  be  grazed  the  year  roimd  and  indeed 
often  are,  but  which,  because  they  are  warm  and  protected, 
should  be  reserved  for  winter.  On  the  other  hand,  there  are 
pastures  which,  because  of  their  altitude  or  their  exposure,  can 
be  used  only  during  the  siunmer  time.  Some  areas  there  are 
also  where  grazing  depends  entirely  upon  local  rains,  which 
gather  in  shallow  pools  and  temporarily  suffice.  All  these 
temporary  pastures  should  be  used  to  the  limit  of  their  capacity 
in  order  that  the  more  permanent  ones  may  be  rested  and  be- 
come available  when  most  needed. 

The  water  supply  for  stock  is  a  controlling  factor  in  the  utili- 
zation of  the  ranges  and  determines  their  value.  The  division 
of  the  lands  should  be  based  on  the  distribution  of  the  water. 
If  it  be  the  policy  of  the  Government  to  sell  them,  the  divisions 
should  be  such  that  every  proprietor  has  a  useful  share  of  both 
the  permanent  and  the  transient  water  supplies.  Or  if  it  be  the 
policy  of  the  Government  to  rent  the  lands  imder  pastoral 
leases  the  divisions  should  also  be  so  adjusted  that  each  lessee 
may  control  a  just  share  of  the  waters  of  the  coimtry. 

This  condition  makes  it  impossible  to  divide  the  lands  into 
small  lots  or  to  allot  them  to  a  large  nimiber  of  proprietors. 
Under  the  impression  that  water  would  be  foimd  practically 
everywhere,  as  it  is,  for  instance,  in  the  Province  of  Buenos 
Aires,  by  sinking  wells  to  a  moderate  depth,  the  Argentine  Gov- 
ernment surveyed  and  sold  in  191 1  and  191 2  two  extensive 
tracts  of  land  in  eastem  Rio  N^gro,  along  the  line  of  tjie  San 
Antonio  and  Nahuel  Huapf  Railroad.  The  districts  were  di- 
vided into  leguas  and  these  into  quarter-leguas,  or  areas  of 
625  hectares,  and  were  sold  at  auction  in  Buenos  Aires,  where 
they  were  readily  taken  by  speculators.    Although  the  Govem- 
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ment  published  official  accounts  which  plainly  stated  that  the 
country  was  semi-arid  and  that  water  was  scarce,  neither  the 
purchasers  nor  the  Government  itself  appeared  to  realize  that 
large  nimibers  of  the  lots  offered  to  the  public  were  absolutely 
without  water  and  could  not  possibly  be  settled  imder  the  con- 
ditions of  sale.  That  fact  has  since  been  recognized,  and  a  more 
rational  policy  of  division  of  these  vast  pasture  lands  will  no 
doubt  prevail  in  the  futiu-e. 

In  order  that  the  coimtry  may  support  the  largest  possible 
number  of  animals,  and  that  the  grazing  industry  may  flourish 
as  it  should,  it  will  be  necessary  to  divide  the  region  into  large 
blocks,  each  of  which  shall  contain  a  proper  proportion  of  win- 
ter and  siunmer  ranges  and  include  a  reasonable  proportion  of 
the  waters.  To  accomplish  this  object  the  coimtry  should  first 
be  surveyed  and  the  distribution  of  pasture  lands  and  waters 
carefully  studied.  It  will  then  be  foimd,  no  doubt,  that  there 
are  some  ranges  which  include  within  natural  boimdaries,  such 
as  the  divides  between  drainage  basins,  all  the  essential  elements 
for  siunmer  and  winter  pasture;  elsewhere  there  will  be  foimd 
extensive  siunmer  ranges  with  inadequate  winter  range,  or  win- 
ter ranges  that  are  not  near  adequate  summer  ranges  for  the 
stock  that  they  can  support  The  adjustment  of  these  areas  to 
equalize  the  capacity  of  winter  and  summer  ranges  will  involve 
the  migration  of  herds  ^ough  moderate  distances  from  the 
warmer  eastern  section  of  Tlfie  country  or  from  the  sheltered  val- 
leys of  the  west  to  the  plains  or  plateaus,  at  those  seasons  when 
the  latter  become  accessible.  Such  is  at  the  present  time,  in 
some  degree,  the  practice  which  the  logic  of  natural  conditions 
has  forced  upon  even  the  irresponsible  proprietors,  but  as  there 
is  no  controlling  management  and  no  rational  division  of  the 
lands  nor  right  of  one  owner  over  another,  there  is  no  order  and 
no  adjustment  of  capacity  to  needs.    The  industry  needs  organ- 
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ization.  The  herds  should  be  moved  according  to  established 
regulations  and  permits,  and  these  should  be  based  on  well- 
observed  conditions  of  the  growth  of  the  various  pastures. 

The  survey  of  the  lines  along  and  inmiediatdy  adjacent  to 
the  San  Antonio  and  Nahuel  Huapf  Railroad  makes  it  possible 
to  describe  certain  kinds  of  lands  that  may  be  considered  typical 
of  the  ranges  of  Rio  N^gro,  We  may  describe  them  as  they  suc- 
ceed one  another  from  east  to  west,  giving,  in  each  case,  an  ac- 
count of  the  drcimistances  which  determine  the  use  of  the  lands 
during  one  or  another  season,  and  also  their  relation  to  ranges 
with  which  they  should  alternate. 

In  the  eastern  part  of  Rio  Negro  the  Arroyo  Valcheta  may 
be  taken  as  the  dividing  line  between  two  grazing  districts, 
one  extending  eastward  to  the  Bajo  de  San  Antonio  and  the 
Atlantic  and  the  other  reaching  westward  to  the  plateaus  of 
Corral  Chico.  The  width  of  each  of  these  districts  from  east  to 
west  is  approximately  loo  kilometers. 

The  eastern  of  these  two  districts,  that  which  lies  between 
the  Atlantic  and  Valcheta,  comprises  a  portion  of  the  high 
coastal  plain,  the  high  plateaus  south  of  Aguada  Cecilio  and 
Valcheta,  and  the  Bajo  de  Valcheta.  As  the  Bajo  de  Valcheta 
will,  through  the  drainage  of  the  valley  lands  of  the^  arroyo  and 
through  irrigation,  become  an  agricultural  center  where  feed 
will  be  grown,  it  will  be  a  central  wintering  point  for  herds, 
especially  for  that  class  of  stock  which  will  pay  for  winter  feeding. 
The  relatively  low  altitude  of  the  bajo,  its  protected  situation, 
and  its  mild  temperature  fit  it  for  this  purpose.  At  the  present 
time  the  pastiu'e  is  overgrazed  all  along  the  railroad  line  and  is 
inadequate  to  support  the  herds  which  might  gather  in  the 
plains  about  Valcheta  in  the  winter  if  the  range  were  not  used 
during  the  sxmuner. 

The  coastal  plain  east  of  Valcheta  is  now  grazed  chiefly  from 
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March  or  April  to  October — that  is,  during  the  winter  season. 
When  the  rains  begin  in  March  or  April  the  vegetation  is  renewed, 
the  young  grass  sprouts  in  the  base  of  all  the  brown  tussocks, 
and  many  of  the  shrubs  put  forth  leaves  which  are  eaten  by  sheep 
and  also  to  some  extent  by  horses  and  cattle.  This  is  not,  how- 
ever, the  seed  time  of  grasses,  and  the  grazing  at  this  season 
does  not  prevent  their  reseeding  during  the  spring  and  early  siun- 
mer.  In  winter  the  rain  waters  gather  in  himdreds  of  shallow 
pools  and  afford  abimdant  supply  for  the  grazing  herds.  As  the 
district  is  well  known  and  is  convenient  of  access,  herds  of 
horses,  cattle,  and  sheep  wander  into  it  in  the  auttmm  and  remain 
imtil  the  spring;  but  although  this  practice  has  prevailed  for 
several  decades  the  pasture  has  not  suffered  materially,  because 
the  pools  dry  up  in  the  spring  and  the  herds  migrate  to  localities 
where  water  is  to  be  foimd  in  wells  or  streams.  At  several 
points  in  the  coastal  plain  wells  have  successfully  been  sunk  to 
fresh  water  in  supplies  sufficient  for  the  stock  which  can  graze 
within  the  accessible  range.  Where  this  is  the  case  the  pasture 
has  suffered  through  continuous  grazing  the  year  roimd  and 
is  inferior  to  that  in  the  r^ons  where  only  winter  grazing 
has  been  possible.  In  view  of  the  fact  that  there  are  smnmer 
pastures  of  such  extent  that  the  winter  pasture  is  likely  to  be 
insufficient,  it  would  be  best  for  the  general  development  of  the 
r^on  that  the  plains  should  be  reserved  for  the  winter  season. 
This  policy  will  be  practicable,  however,  only  in  case  the  grazing 
is  brought  imder  a  common  control  for  the  whole  region.  So 
long  as  the  landsmre  divided  among  individual  proprietors  there 
will  be  some  whoxby  reason  of  having  a  sufficient  supply  of  water, 
wiU  be  ^le  to  carry  their  herds  throughout  the  year  upon  their 
lands,  ynereas  others  will  be  limited  to  the  rainy  season  so  far  as 

on  the  coastal  plain  is  concerned. 

summer  range  about  the  eastern  portion  of  the  Bajo 
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de  Valcheta  is  to  be  found  chiefly  to  the  south  of  it,  about  the 
headwaters  of  the  Arroyo  Valcheta  and  in  the  plateaus  which 
rise  toward  the  central  peak  of  Somuncuri.  The  grazing  sea- 
son begins  in  these  higher  regions  as  the  snow  melts,  or  soon 
afterward,  and  continues  imtil  the  surface  water  supply  on  the 
plateaus  dries  up.  The  herds  then  gather  in  the  vicinity  of  the 
springs,  the  distribution  of  which  determines  the  localities  that 
may  be  ranged  during  the  drier  months  of  the  summer.  With 
the  advent  of  the  rains  in  the  autumn  there  comes  a  brief  season 
during  which  the  pasture  of  the  uplands  becomes  available  be- 
fore the  flocks  are  obliged  to  withdraw  on  accoimt  of  the  winter 
winds  and  snows.  In  order  to  utilize  these  ranges  intelligently 
it  is  necessary  to  determine  the  distribution  of  the  waters  and 
to  observe  the  conditions  in  spring  and  autumn  upon  the  high 
plateaus.  It  will  also  eventually  be  foimd  desuable  to  make 
the  more  remote  districts  acces^le  by  the  construction  of  roads, 
as  travel  over  the  rugged  surface  of  the  high  plateaus  is  in  some 
areas  so  difficult  that  the  migration  of  the  flocks  is  hindered. 

The  relative  areas  of  the  smnmer  and  winter  pastures  are  not 
known  with  sufficient  accuracy  to  indicate  a  division  of  ranges 
according  to  the  best  use  of  the  lands.  As  long  as  the  lands 
remain  in  the  hands  of  private  owners  of  relatively  small  proper- 
ties such  division  is  not  practicable.  It  may  be  considered 
probable  that  economic  laws  will  eventually  compel  an  adequate 
study  of  the  situation.  This  eastern  district  as  a  whole,  with 
the  exception  of  the  high  plateaus,  may  then  come  to  be  regarded 
as  a  winter  range  for  herds  simmiering  in  the  higher  ranges  of 
the  west.  • 

The  region  between  the  Arroyo  Valcheta  and  Coqpl  Chico 
comprises  the  ranges  in  the  western  part  of  the  Bajo  de  Valcheta, 
some  extensive  gravelly  plateaus  lying  north  of  that  bajo,  between 
it  and  the  Bajo  del  Gualicho,  and  the  plateau  region  to  the 
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south  above  the  headwaters  of  the  Arroyos  Nahuel  Niyeu  and 
Yamintia.  In  this  district  may  be  included  also  the  high  plains 
about  Cabeza  de  Vaca,  extending  westward  to  Corral  Chico. 
It  is  a  district  in  many  respects  like  that  of  the  eastern  part  of 
the  Bajo  de  Valcheta,  except  that  it  contains  no  area  exactly 
equivalent  to  the  coastal  plain.  The  winter  range  should  be 
that  which  is  now  used  throughout  the  year  and  which  lies 
adjacent  to  the  courses  of  the  several  running  streams  and  about 
their  headwater  springs  on  the  southern  slope  of  the  Bajo  de 
Valcheta,  and  the  siunmer  range  should  extend  to  the  high 
plateaus  on  the  south.  In  the  spring  and  autumn,  diuing  the 
time  of  transient  rains,  the  gravel  plateaus  on  the  north  will 
temporarily  furnish  good  grazing.  On  these  plateaus  water 
has  been  f  oimd  in  some  places  at  depths  of  20  meters  or  more, 
and  local  centers,  even  for  siunmer  ranging,  have  thus  been 
established. 

The  lands  of  these  eastem  ranges  lie  within  200  kilometers 
of  the  Atlantic  coast,  in  the  zone  of  the  Atlantic  rains.  They 
are  to  be  r^arded  as  good  ranges.  Their  capacity  imder  the 
present  conditions  may  fairly  be  estimated  at  1,000  to  i,2oq 
sheep  to  the  l^ua,  where  there  is  water  to  be  had  the  year  round 
and  they  have  not  been  overgrazed,  conditions  that  exist  in 
some  well-managed  private  estandas.  In  the  public  lands  the 
squatters,  having  allowed  their  herds  to  remain  always  in  the 
same  pastures  near  the  water,  have  reduced  the  capacity  of  the 
pasture  to  800  sheep  or  less  to  the  legua.  It  will  be  necessary 
to  give  the  range  an  opportunity  to  recover  by  refraining  from 
using  it  as  pasture  diuing  the  seeding  season  of  the  plants.  The 
annual  capacity  of  the  range  as  a  whole,  when  the  industry  shall 
be  properly  organized  and  administered,  may  be  taken  as  1,500 
sheep  to  the  legua,  and  this  number  will  be  increased  by  the  use 
of  cultivated  feed. 
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At  Corral  Chico  the  railroad  ascends  to  the  margin  of  a  lava 
plateau  which  is  continuous  southward^  and  west  of  which  lies 
the  district  of  the  Cerros  Colorados,  or  red  hills.  Here  the 
grazing  conditions  are  very  different  and  on  the  whole  inferior 
to  those  of  the  eastern  ranges.  The  yrous  strata  of  the  eastern 
plains^  which  are  in  a  measure  protected  against  evaporation  of 
moisture  by  the  superficial  gravels,  are  here  rq)laced  by  fissured 
rocks.  The  moisture  of  the  rains  soon  evaporates  from  the 
crevices  and  the  wind  blows  the  soil  away  from  the  hills.  In  the 
valleys  the  deep  beds  of  gravel  are  drained  and  the  water  lies 
far  below  the  surface.  This  region,  through  which  the  railroad 
runs  for  170  kilometers,  is  thus  one  of  sparse  v^etation  and  of 
meager  water  supply.  There  are  some  exceptional  valleys,  such 
as  that  in  which  the  English  estanda  of  Sierra  Colorada  is 
situated,  where  springs  flowing  from  beds  beneath  the  lava 
plateaus  furnish  suj£cient  water  for  irrigation  and  where  the 
bottom  land  is  a  mallin.  In  these  valleys  the  herds  gather  in 
the  winter  or  during  the  dry  months  of  summer,  while  they  range 
the  less  favored  areas  of  the  hills  whenever  the  rains  afford 
moisture  and  the  v^etation  is  renewed. 

The  annual  capacity  of  this  section  of  the  Cerros  Colorados, 
if  we  take  account  of  the  entire  area,  is  probably  not  over  600 
sheep  to  the  legua.  The  richer  valleys  can  carry,  however, 
from  800  to  1,000,  or  under  good  management  possibly  1,250 
sheep  to  the  legua. 

West  of  the  zone  of  the  Cerros  Colorados  lies  the  extensive 
grazing  district  of  the  basin  of  Carilaufquen,  including  the  val- 
leys of  Maquinchao,  Quetriquile,  and  Guaguel  Niyeu,  the  hills 
and  mesas  which  lie  between  them,  and  the  high  plateaus  that 
inclose  the  basin.  It  is  100  kilometers  wide  from  east  to  west 
and  at  least  as  far  across  from  north  to  south.  Apart  from  the 
development  of  its  valleys  through  agriculture,  which  will  be  a 
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necessary  auxiliary  to  the  grazing,  this  region  has  very  extensive 
winter  and  summer  grazing  lands.  In  normal  years  the  herds 
should  winter  in  the  lower  valleys  and  should  summer  in  the 
higher  sections  of  the  valleys  where  water  is  to  be  had  at  that 
time.  They  should  be  moved  to  the  bench  lands  and  the  pla- 
teaus when  the  rains  in  the  autumn  or  the  melting  snows  in  the 
spring  afford  both  water  and  pasture  in  these  otherwise  arid  or 
inclement  sections.  A  well-apportioned  range  in  this  basin 
should  therefore  include  the  entire  length  of  a  valley  and  the 
plateaus  adjoining  it,  or  the  dividing  fence  between  two  ranges 
should  be  run  along  the  valley  in  such  a  way  as  to  give  the  pas- 
tures on  both  sides  of  the  stream  access  to  it. 

The  English  estanda  of  Maquinchao  covers  96  leguas  in 
the  valley  of  Maquinchao  and  the  adjacent  plateaus.  The 
boundaries  were  so  laid  out  twenty-five  years  ago  that  they  in- 
clude all  the  lower  valley  of  the  stream  but  not  the  upper  valley 
or  the  plateau  region  from  which  the  waters  flow.  During  the 
moist  seasons  which  occurred  for  several  successive  years  about 
1900  the  pasture  was  abundant  throughout  the  valley  and  on 
the  plateaus  and  the  range  was  capable  of  carrying  large  flocks 
in  both  summer  and  winter.  In  the  drier  seasons  which  have 
recently  occurred  this  range  in  the  lower  valley  has  become  very 
dry  and  the  pasture  has  suffered  because  the  flocks  are  on  it 
throughout  the  year.  In  the  dry  season  it  is  eaten  down  close, 
but  even  so  it  b^ins  to  recover  and  the  Pampas  become  green 
immediately  after  the  first  rains.  Were  they  given  an  oppor- 
tunity the  grasses  would  reseed  themselves  and  soon  be  rees- 
tablished, but  the  hungry  sheep  eagerly  feed  upon  the  tender 
growth  and  it  has  little  or  no  opportunity  to  reach  maturity.  This 
instance  illustrates  again  the  effects  which  must  follow  wherever 
the  sheep  are  allowed  to  graze  at  will  and  no  adequate  effort 
is  made  to  allow  the  pasture  to  recover.    Large  as  the  area  of 
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this  estanda  is,  the  number  of  sheep  to  the  legua  is  proportion- 
ate and  needs  must  be  so  in  order  to  pay  dividends  upon  the 
investment;  but  the  area  is  not  so  adjusted  to  the  local  topography 
and  conditions  of  altitude  as  to  afford  adequate  ranges  for  the 
different  seasons.  No  difficulty  was  experienced  during  the 
favorable  years  of  comparatively  heavy  rainfall,  but  in  the  years 
of  drought  the  valley  lands  have  been  overtaxed.  As  the  flocks 
are  kept  within  the  limits  of  the  property  they  cannot  range  in 
the  higher  valley  where  they  might  otherwise  obtain  pasture 
during  the  summer,  thus  giving  to  the  lower  valley  the  oppor- 
tunity to  grow  the  pasture  for  the  winter.  Under  existing  con- 
ditions the  capacity  of  the  lands  of  the  Estanda  Maquinchao  is 
about  1,250  sheep  to  the  l^ua.  This  number  could  be  materially 
increased  by  cultivation  of  the  valleys  for  winter  feed  and  by 
securing  the  right  to  supplement  the  ranges  in  the  lower  valley 
by  those  in  the  upper  valley  and  on  the  high  plateaus.  It  may 
reasonably  be  estimated  that  the  lower  valley  lands  will  carry 
2,000  sheep  to  the  legua  dining  six  months  of  the  year,  provided 
that  the  grasses  in  that  area  have  an  opportunity  to  recover  at 
the  proper  season  for  matiuing  their  seed.  In  order  to  use  these 
grazing  lands  to  the  best  advantage  it  would  be  necessary  to 
determine  how  much  of  the  lower  lands  was  to  be  devoted  to  the 
winter  feed  and  to  select  in  the  adjacent  plateaus  and  upper  val- 
ley an  area  capable  of  sustaining  the  same  herds  during  the 
remainder  of  the  year. 

The  conditions  of  the  Maquinchao  valley  are  repeated  in  the 
Arroyo  Quetriquile  and  the  Arroyo  Guaguel  Niyeu  and  the  pla- 
teaus adjacent  to  them.  The  Quetriquile  heads  in  several  small 
valleys  which  extend  into  a  plateau  region  somewhat  different 
from  that  of  the  lava  fidds  farther  east,  inasmuch  as  the  base- 
ment rocks  are  of  granite  and  are  overlain  by  deposits  of  gravd 
and  of  volcanic  ash.    The  sturfidal  deposits  are  very  porous  and. 
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A.  Valley  of  the  Arroyo  Pilcaniyeu  in  the  high  plateaus  in  western  Rio  Negro,  illustrating  the  guanaco  ranges,  which  are  be- 

coming populated  with  sheep. 

B.  Sheep  on  the  Estancia  Maquinchao  in  the  central  plateau  region  of  Rio  Negro. 
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absorbing  the  waters  that  come  from  the  higher  hills,  quickly 
cany  them  undergromid.  In  this  r^on,  therefore,  there  are 
springs  about  the  valley  heads  and  rich  pastures  leading  for 
some  little  distance  down  the  grassy  valleys,  while  farther  down 
there  are  more  arid  plains  and  salt-lake  basins.  It  is  probable 
that  the  fresh  waters  flow  underground  for  long  distances  and 
may  be  reached  by  wells,  but  as  yet  no  attempt  has  been  made  to 
ascertain  whether  this  is  true  or  not.  The  region  supports  large 
flocks  of  sheep  belonging  to  squatters  on  the  Government  lands. 
A  single  commercial  house  situated  on  the  Arroyo  Quetriquile 
had,  after  the  shearing  of  1913,  purchased  1,500,000  kilos  of  wool, 
rq)resenting  flocks  equivalent  to  500,000  sheep,  from  tins  general 
district. 

Beyond  the  head  of  the  Guaguel  Niyeu,  in  the  basins  of  the 
Limay  and  the  Chubut,  lies  a  region  of  somewhat  heavier  rain- 
fall and  a  more  abundant  herbage  than  that  to  the  east.  The 
Estanda  Pilcaniyeu  may  be  taken  as  typical  of  what  the  grazing 
conditions  in  this  region  afford  under  good  management.  It  is  a 
comparatively  small  property,  comprising  only  16  leguas,  but 
is  situated  in  the  valley  of  the  Pilcaniyeu  and  the  neighboring 
hills.  Its  altitude  ranges  from  900  to  1,500  meters  or  more  above 
sea,  but  the  grazing  usually  does  not  go  above  1,400  meters. 
Under  skilful  management  of  the  native  pasture,  without  the 
aid  of  any  cultivated  feed,  the  ranges  carry  1,650  sheep  to  the 
legua,  and  compared  to  those  on  other  properties  the  losses  of 
sheep  due  to  itiadequate  pasture  or  to  inclement  weather  are 
small.  This  is  so  even  though  at  Pilcaniyeu  the  snowfall  is 
heavier  than  it  is  farther  east  and  there  are  occasional  storms  of 
excq)tional  severity. 

Valleys  which  radiate  from  Anec6n  Grande  and  contain 
the  headwaters  of  the  Cumallo,  and  others  which  lie  south  of 
Pilcaniyeu,  leading  to  the  Arroyo  Las  Bayas,  resemble  the  Pil- 
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caniyeu  district.  Taken  as  a  whole  they  constitute  one  of  the 
best  grazing  regions  of  western  Rio  N^ro.  The  summer  graz- 
ing lies  on  the  high  plateaus  which  spread  from  Anec6n  Grande 
southward  and  in  the  high  hills  which  stretch  out  to  the  north- 
east and  northwest.  The  winter  range  is  in  the  protected 
valleys  and  on  the  sunny  slopes  facing  the  east  and  north,  where 
there  is  shelter  from  the  western  winds.  Although  much  of  this 
r^on  is  relatively  high,  the  losses  due  to  exposure  in  the  winter 
need  not  be  large,  as  is  shown  by  the  experience  at  Pilcaniyeu. 
But  here,  as  in  other  parts  of  the  territory,  a  thorough  knowledge 
of  the  local  conditions  of  the  range  and  different  seasons  and  a 
proper  distribution  of  the  sheep  by  migration  from  season  to 
season  are  essential  to  success. 

The  sheep  ranges  extend  westward  across  the  Pichileuf u  and 
into  the  eastern  spurs  of  the  Cordillera.  Along  the  slope  of  the 
Andes  there  are  many  protected  valleys  and  grassy  slopes  out- 
side of  the  forest  zone  where  sheep  may  find  good  feed  and 
thrive.  On  these  ranges  the  annual  capacity  varies  from  1,250 
to  1,650  sheq)  to  the  l^ua  and  the  seasonal  capacity  dining  the 
term  of  six  or  seven  months  exceeds  2,000.  We  shall  have  occas- 
ion to  refer  again  to  these  pastures  of  the  Cordillera  in  discussing 
the  grazing  conditions  of  that  r^on. 
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SECTION  II 

THE  ANDES  OF  NORTHERN  PATAGONIA 

General  Description 

The  great  mountain  chain  of  the  Andes,  stretching  along  the 
entire  Pacific  coast  of  the  continent  and  attaining  altitudes  of 
more  than  7,000  meters  in  its  highest  peaks,  has  strongly  impressed 
upon  the  minds  of  explorers  and  students  the  idea  of  an  enormous 
mountain  barrier,  distinctly  separating  the  lowlands  of  the 
Pacific  coast  from  the  vast  low  plains  of  eastern  South  America. 
So  fixed  is  this  concq)tion  that  it  has  affected  the  deliberations 
of  statesmen  and  the  relations  of  nations.  The  concq)tion  of  a 
dividing  wall,  nowhere  easy  of  passage  and  in  many  places  im- 
passable, was  the  fundamental  idea  according  to  which  the 
boundary  between  Argentina  and  Chile  was  to  have  been  traced, 
when,  in  1881,  the  two  nations  agreed  upon  a  treaty  defining  that 
line.  Throughout  the  greater  part  of  its  extent  the  conception 
held  true,  and  the  engineers  traced  a  well-defined  crest  which, 
following  the  high  siunmits  of  the  Andes,  coincides  with  the 
divide  of  the  waters  between  the  Pacific  and  the  Atlantic.  But 
from  latitude  38^  southward  the  topographic  conditions  were 
found  to  be  very  different.  In  this  portion  of  the  Cordillera  it 
spreads  out  and  divides  into  parallel  mountain  ranges.  The 
higher  crest  lies  here  iii  the  western  range,  there  in  the  eastern. 
Rivers  rising  in  the  extreme  west  of  the  mountain  belt  flow  to 
the  Atlantic;  others,  rising  east  even  of  the  eastern  Cordillera, 
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in  the  Pampas  themselves^  flow  westward  across  the  entire  zone 
of  the  Andes  to  the  Pacific.  Here  was  confusion  for  the  treaty 
makers.  A  momitain  wall  had  become  a  labyrinth  of  heights 
and  valleys  pierced  in  many  places  by  rivers  which  wound  in 
zigzag  courses,  now  toward  one  ocean,  now  toward  another,  and 
a  boundary  as  fixed  by  a  line  along  the  highest  crest  of  the  Cor- 
dillera was  found  to  diverge  widely  from  a  boundary  traced  on 
the  continental  divide  between  the  Atlantic  and  the  Pacific. 
Fortimatdy  for  both  Argentina  and  Chile,  the  treaty  makers  had 
with  great  wisdom  provided  that  any  dispute  should  be  settled 
by  arbitration,  and  in  1902,  after  twenty  years  of  discussion, 
the  arbitrator.  King  Edward  of  England,  determined  a  com- 
promise line  between  the  contestants  for  the  boundary  on  the 
highest  crest  and  that  on  the  divide  of  the  .waters. 

The  line  thus  determined  is  the  western  boundary  of  the 
region  studied  by  the  Comisi6n  de  Estudios  Hidrol^cos,  from 
latitude  39^  40'  to  43^  40'.  This  region  covers  an  area  of  31,000 
square  kilometers.  It  includes,  in  latitude  40^,  the  disputed 
basin  of  Lago  Lacar,  which  Chile  claimed  because  the  waters 
flow  to  the  Pacific  but  which  was  given  to  Argentina  because  it 
was  bounded  on  the  west  by  the  great  Ipela  Range,  which  in  this 
region  is  unquestionably  the  main  chain  of  the  Cordillera.  The 
r^on  studied  includes  also  a  more  extended  district  south  of 
latitude  41®,  where  a  central  valley  lies  longitudinally  between 
the  western  and  eastern  ranges,  which  are  equally  high.  Here 
are  the  lakes  of  Gutierrez  and  Guillelmo,  the  rich  valley  of  El 
Bols6n,  and  the  headwaters  of  the  great  river  Fetaleufu,  with  the 
valley  of  the  16  de  Octubre,  all  of  which  were  claimed  by  Chile 
but  in  the  division  of  contested  territory  were  given  by  the 
arbitrator  to  Argentina.  Between  the  disputed  districts  of  Lago 
Lacar  on  the  north  and  of  the  inter-Cordilleran  valley  on  the 
south  lies  the  great  transverse  basin  of  Lago  Nahuel  Huapf ,  which 
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stretches  clear  across  the  mountain  zone  and  whose  waters,  head- 
ing in  the  western  ranges,  discharge  by  the  Rio  Negro  into  the 
Atlantic.  As  the  divide  about  the  headwaters  of  this  drainage 
basin  tributary  to  the  Atlantic  coincides  with  the  crest  of  the 
Cordillera,  it  fulfils  the  conditions  of  the  treaty,  and  the  territory 
which  it  incloses  was  conceded  without  question  to  Argentina. 

It  is  clear  from  what  has  been  said  that  the  Andes  of  northern 
Patagonia  constitute  not  a  simple  mountain  ridge  but  a  broad 
zone  from  60  to  100  kilometers  in  width,  including  both  moun- 
tains and  valleys  and  traversed  by  large  rivers.  A  student 
looking  at  a  plan  of  the  river  systems  without  indication  of  the 
mountains  would  never  suspect  how  widely  the  greater  heights 
are  distributed.  Should  he  infer  that  the  serpentine  line  of  the 
continental  divide  represented  a  continuous  high  ridge,  he  would 
be  surprised  to  be  told  that  in  many  places  it  descends  into  and 
crosses  deep  valleys.  Should  he  discard  his  plan  and  ascend  to 
some  height  in  the  hope  of  discerning  the  great  dominant  moun- 
tain chain  of  the  Andes,  he  coidd  look  off  north,  east,  south,  and 
west  over  a  bewildering  multitude  of  simmiits  rising  almost  evay- 
where  to  an  altitude  even  with  his  own.  These  simunits  are 
angular  peaks  surmounting  a  broad  common  base  that  is  repre- 
sented by  high  valleys  and  wide  passes.  Their  average  altitude 
is  near  2,000  meters  above  sea.  Few  of  them  are  less  than  1,800 
meters,  and  only  here  and  there  do  individual  siunmits  exceed 
2,300  meters.  The  summits  whose  altitudes  most  closely  ap- 
proach uniformity  have  been  sculptured  by  erosion  from  the 
broad  plateau-like  mass  of  the  older  rocks  of  the  Andes, 
whereas  most  of  the  isolated  peaks  which  rise  more  than  2,200 
meters  above  sea  are  volcanic  cones  built  up  on  the  plateau. 
The  most  renowned  of  these  volcanoes  is  El  Tronador  (the  Thun- 
derer), 3,460  meters  above  sea,  which  received  its  name  from 
Friar  Men^ndez  about  1791,  when  he  described  it  as  the  moun- 
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tain  that  is  always  thundering.  At  the  foot  of  this  great  peak  lies 
the  most  profound  canyon  and  lake  of  the  region^  that  of  Nahuel 
Huapf. 

Although  this  section  of  the  Andes  is,  as  described,  a  broad 
mountain  zone  of  confused  geographic  features,  it  may  be  di- 
vided into  two  distinct  areas,  a  northern  and  a  southern,  and  the 
distinction  may  be  expressed  in  the  simple  statement  that  in  the 
northern  area  the  valleys  extend  east  and  west  across  the  moun- 
tain zone,  whereas  in  the  southern  area  they  range  longitudinally 
from  north  to  south  within  the  Cordillera.  The  difference  has  its 
origin  in  the  geologic  conformation — ^the  structiu-e  of  the  zone. 
The  northern  area  comprises  the  stretch  of  the  Andes  from  lati- 
tude 38^  to  41^  from  Lago  Alumin6  to  Lago  Nahuel  Huapf.  All 
but  one  of  the  streams  within  it  rise  in  the  western  Cordillera  and 
flow  eastward  to  join  their  waters  in  the  Rio  CoUoncurd  and  the 
Rio  Limay,  which  flow  in  the  dq)ression  that  lies  along  the  eastern 
base  of  the  Andes.  Lago  Lacar,  though  its  valley  once  belonged 
to  this  Atlantic  family,  has  turned  away  and  now  discharges  its 
waters  across  the  western  range  down  the  Pacific  slope  to  the 
Chilean  lakes. 

In  this  northern  area  high  transverse  ridges  extend  eastward 
between  the  drainage  basins,  and  some  of  them  attain  greater 
elevations  near  their  eastern  extremities  than  at  the  western. 
They  divide  the  area  into  individual  basins  and  more  or  less 
effectively  obstruct  the  passage  from  one  to  another  within  the 
wide  belt  of  the  Andean  plateau.  Where  the  valley  floors  range 
from  600  to  800  meters  in  altitude  above  the  sea,  one  must  rise 
to  passes  that  attain  1,000  or  1,200  meters  in  order  to  cross  from 
one  valley  to  the  next  Each  of  the  deep  transverse  valleys 
harbors  a  lake  or  a  chain  of  lakes.  Like  the  lakes  of  Switzerland 
and  northern  Italy,  these  lakes  lie  in  deep  basins  sculptiu-ed  by 
the  rock-laden  ice  of  glaciers  1,000  meters  or  more  in  thickness, 
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descending  from  the  adjacent  heights.  Their  shores  are  every- 
where picturesque  and  in  many  jdaces  precipitous.  About  their 
lower  eastern  ends  are  piled  the  glacial  moraines  of  an  ice  period, 
which  is  still  represented  in  the  little  glaciers  that  linger  about 
the  high  sununits.  In  each  of  these  valleys,  at  a  distance  of 
several  kilometers  below  the  moraines  just  mentioned,  is  a  much 
older  glacial  moraine  which  marks  the  outermost  limit  attained 
by  the  ice  that  filled  the  valleys  diuing  a  still  earlier  glacial  epoch. 

Thus  these  valleys,  descending  from  the  westem  Cordillera 
to  the  lowland  that  intervenes  between  the  Andes  and  the  high 
plateaus  of  the  Pampas,  range  in  character  from  deep  gorges  in  the 
mountains  to  beautiful  lake  basins  and  wide  stretches  of  gravel 
plains.  Their  waters  flow  in  the  direction  of  the  westem  winds, 
in  the  direction  in  which  the  air  currents  become  dryer  as  they 
unload  their  moisture  upon  the  mountains.  The  vegetation 
changes  accordingly,  and  the  streams,  which  gather  their  head- 
waters from  the  deep  forest  shades  of  the  mountain  slopes  and 
which  linger  in  the  cold  rock-bound  lakes  of  the  transverse  val- 
leys, flow  on  in  the  broad  simlight  of  the  treeless  grassy  Pampas. 

Strong  historic  interests  center  about  localities  in  this  area. 
The  Paso  de  Villarica,  which  crosses  the  Cordillera  in  the  north, 
was  traversed  by  Francisco  de  Villagr&n  in  1553,  the  year  in 
which  Valdivia,  the  conqueror  of  Chile,  after  twelve  years  of 
struggle  with  the  Indians,  was  defeated  by  them,  taken  prisoner, 
and  kiUed.  Villagr&n  was  undoubtedly  the  first  European  to 
cross  the  southem  Cordillera.  Later  on  Spanish  captains,  mis- 
sionaries, and  embassies  dispatched  to  n^otiate  conditions  of 
peace  with  the  Indians,  fought,  prayed,  or  held  council  in  the 
valle)rs  of  Lagos  Huechulauf quen,  Lolog,  and  Lacar. 

The  excursions  of  the  Spaniards  from  Villarica  were  extended 
southward  to  Lago  Nahuel  Huapf ,  and  from  the  early  established 
missions  on  the  island   of   Chiloe   the  indomitable   military 
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commanders  and  the  even  more  courageous  and  indefatigable 
missionaries  found  a  more  direct  pass  to  that  lake*  immediately 
north  of  £1  Tronador.  This  pass  has  come  to  be  known  by  the 
name  of  its  discoverer,  P6rez  Rosales,  and  is  to-day  an  important 
line  of  communication  across  the  Cordillera.  It  crosses  Lago  de 
Todos  los  Santos,  and  even  now,  though  the  passage  is  made  in 
small  steamboats,  the  winds  and  waves  of  that  mquntain  lake 
may  endanger  the  safety  of  travelers.  What  must  the  risk  have 
been  for  the  Indians  and  for  the  Spaniards  who  followed  their 
example  in  crossing  this  and  other  lakes  along  the  route  in 
shallops  made  of  three  planks  fastened  together!  Such  was  their 
custom  and,  in  a  certain  sense,  their  necessity,  for  only  by  using 
such  boats  as  coidd  easily  be  taken  to  pieces  and  carried  over 
the  mountains  coidd  they  accomplish  a  journey.  These  diffioil- 
ties,  however,  led  the  missionaries,  when  once  a  permanent 
establishment  was  effected  on  Lago  Nahuel  Huapf ,  to  seek  a  pass 
that  should  not  traverse  any  of  the  '^  terrible  lakes,"  and  such  a 
pass  was  found  in  the  territory  of  the  Vuriloches,  south  of  £1 
Tronador.  Known  to  the  early  Spanish  conquerors,  it  was  lost 
in  the  succeeding  (seventeenth)  century,  was  rediscovered  and 
made  passable  by  Father  Guillelmo  in  1712,  and  after  the  com- 
plete destruction  of  the  mission  on  Lago  Nahuel  Huapf  in  17 14 
was  again  lost  in  the  fast-growing  jungles  of  the  Andean  forest. 
DiuJng  the  last  thirty  years  many  attempts  have  been  made  to 
rediscover  it,  but  the  Camino-de  Vuriloche  is  even  to-day  not 
known  beyond  the  possibility  of  dispute,  although  the  general 
route  is  beUeved,  by  those  whose  knowledge  of  the  mountain 
passes  should  inspire  confidence,  to  lie  through  a  pass  inmie- 
diately  south  of  £1  Tronador  and  to  have  been  traced  down  either 
slope  of  the  Cordillera  among  the  long  spurs  and  by  valleys  that 
avoid  the  deep  canyons  and  the  lakes.  It  is  one  of  the  anom- 
alies of  this  curious  historic  route,  which  corresponds  with  many 


Digitized  by 


Google 


\ 


Digitized  by 


Google 


1^. 

S    C>    Q 


X 

Ul 

»- 

< 

_J 

Q. 

-C    C 

•"S    O 

^    fi 

o   1   S 

I'et 

a  S  ? 

*?!- 

5  ^  c 

J^l 

■^>5 

»^  to| 

il'^ 

•l^-^ 

U  e  8 

IJ^ 

on  the 
Filokaa 
luted  to 

u\ 

Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


THE  ANDES  155 

strange  f eatxires  of  the  Cordillera^  that  the  most  difficult  sections 
to  traverse  are  not  in  the  mountain  heights,  but  down  in  the 
deep  valleys,  where  the  rivers  flow  through  narrow  canyons 
between  rocky  waUs  and  neither  their  swift  currents  nor  their 
rocky  shores  afford  a  practicable  path.  In  such  places  the 
trail  must  have  wound  high  on  the  side  hill  or  must  have  crossed 
by  some  gap  in  an  adjoining  ridge  to  a  more  facile  valley.* 

The  section  of  the  Cordillera  south  of  Lago  Nahuel  Huapi 
differs  from  the  northern  area  in  that  a  central  valley  traverses 
it  from  north  to  south,  separating  the  high  western  and  eastern 
ranges.  From  Lago  Nahuel  Huapi  itself  a  deep  pass,  which  is 
cut  nearly  to  the  level  of  the  lakes,  leads  to  Lago  Gutierrez,  whose 
waters  still  flow  by  way  of  Nahuel  Huapi  to  the  Atlantic.  East 
of  Gutierrez  is  the  Sierra  de  la  Ventana,  and  west  of  it  El  Cate- 
dral,  both  prominent  summits  among  the  Andean  heights,  yet 
between  them  one  may  pass  from  Lago  Gutierrez  to  Lago  Mas- 
cardi,  over  a  gravel  plain  which  scarcely  separates  the  two  lakes 
yet  which  divides  the  waters  of  the  eastern  and  westem  oceans. 
Here  the  continental  divide  descends  from  El  Catedral,  passes 
across  the  plain  between  the  two  lakes,  and  ascends  again  to  the 
simunit  of  the  Sierra  de  la  Ventana.  A  canoe  launched  on  the 
U-shaped  Lago  Mascardi  would  float  from  the  upper  right-hand 
arm  to  the  bottom  curve  of  the  U,  and  might  there  pass  west- 
ward down  the  outlet  river,  Rio  Manso,  to  enter  on  a  winding 
course  to  Lago  Hess  and  its  tributary  lakes  and  streams.  Below 
Lago  Hess  it  could  not  follow  the  river,  which  flows  through  a 
canyon  and  falls  200  meters  to  Lago  Steffen.  The  traveler  who 
would  go  farther  south  must  retrace  his  steps  to  Lago  Mascardi 
and,  turning  off  from  the  bend  of  the  U,  pass  by  Lago  Guillelmo 
and  the  gravel  plains  of  the  central  valley  b^rond  it  to  the  drain- 

*See  Fonck,  Fiandsco,  "Libio  de  Iob  diarioB  de  Fray  Francisco  Men^ndez." 
Carlos  F.  Niemeyer,  Valparaiso,  1896. 


Digitized  by 


Google 


156  NORTHERN  PATAGONIA 

age  basins  of  the  Vill^;as  and  Foyel,  and  from  them  follow  the 
Arroyo  de  los  Repollos  to  El  Bols6n.  He  would  cross  canyons  and 
terraces,  yet  would  be  continually  shut  in  to  the  right  and  left 
by  the  heights  of  the  eastern  and  westem  Cordillera.  El  Bols6n 
and  its  neighbor,  the  Hoyo  de  Epuyfin,  are  the  deq)est  valleys 
m  this  section  of  the  Andes,  lying  between  270  and  300  meters 
above  the  sea  and  400  meters  or  more  below  Lago  MascardL  The 
temperature  changes  with  the  altitude.  Frosts,  which  are 
common  in  the  northem  portion  of  the  central  valley,  are  rare 
diuing  the  summer  in  El  Bols6n.  This  valley  is  a  little  paradise 
in  the  heart  of  the  snowy  mountains,  ending  in  Lago  Puelo,  from 
which  the  Rio  Puelo  carries  the  waters  to  dile.  In  the  south 
rises  the  mountain  group  of  Cerro  Tres  Picos  and  its  attendant 
heights,  which  stretches  dear  across  the  mountain  zone  as  a 
promontory  of  the  westem  Cordillera.  On  the  east  of  El  Bol- 
s6n  the  continental  divide,  which  follows  southward  along  the 
siunmit  of  the  eastem  Cordillera,  sinks  into  the  Pampas  and, 
swinging  eastward  outside  of  the  Andes,  is  marked  by  the  ridge 
of  a  glacial  moraine  smrounding  the  basin  of  Cholila. 

South  of  the  heights  of  Tres  Picos  a  system  of  valleys  tribu- 
tary to  the  Rio  Fetaleuf u  and  thus  to  the  Pacific  lies  between  the 
snowy  westem  Cordillera  and  the  treeless  heights  of  the  Cord6n 
de  Leleque  and  the  Cord6n  Esguel,  which  here  represent  the  east- 
em  Cordillera.  The  valley  zone  between  the  ranges  is  wider 
than  it  is  farther  north,  the  valleys  themselves  are  in  general 
broader,  and  the  westem  chain  is  more  dominant  as  compared 
with  the  eastem.  Communication  across  this  westem  range  is 
more  diffioilt  than  it  is  farther  north,  and  this  circumstance  no 
doubt  influenced  the  arbitrator  in  tracing  the  boundary  upon 
the  westem  range  and  giving  the  valleys  of  Cholila,  Lago  Riva- 
davia,  Lago  Fetalaufquen,  and  16  de  Octubre  to  Argentina. 
These  valleys  are  rich,  fertile,  and,  owing  to  the  bracing  moun- 
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tain  climate  and  pure,  swiftly  flowing  streams,  healthful.  The 
Bols6n,  the  Hoyo  de  Epuy6n,  Cholila,  and  16  de  Octubre  will 
support  prosperous  commimities  and  play  an  important  part  in 
the  future  development  of  the  Andes. 

Local  Descriptions 

The  following  more  detailed  descriptions  of  different  localities 
in  the  Cordillera  de  los  Andes  are  for  convenience  arranged  mainly 
according  to  the  separate  drainage  basins  of  the  lakes  and  rivers. 
In  the  northern  part  of  the  region,  north  of  Lago  Nahuel  Huapf , 
this  division  is  a  very  natural  one,  for  all  the  lake  basins  open  out 
eastward  and  each  is  separated  from  the  adjacent  ones  by  dis- 
tinct divides.  South  of  Lago  Nahuel  Huapi  the  drainage  sys- 
tems are  less  distinctly  separated  and  more  arbitrary  boundaries 
have  been  chosen  to  distinguish  the  several  areas  for  convenience 
of  description.  In  each  case,  however,  it  is  possible  to  center 
the  attention  upon  a  specific  locality  and  to  include  with  it  the 
tributary  slopes  and  valleys. 

The  local  descriptions  begin  at  the  north  with  the  basin  of 
Lago  Huechulauf  quen  and  take  up  in  order  the  successive  drain- 
age basins  toward  the  south. 

Lago  Huechidaufquen  and  the  Rio  Chimehutn 

POSITION   AND   GENERAL  FEATURES 

Lago  Huechulaufquen  extends  across  the  Cordillera  in  lati- 
tude 39^  4$\  The  sources  of  its  waters  are  in  the  westem  range, 
where  lies  the  boundary  with  Chile.  The  headwater  brooks, 
falling  rapidly  under  deep  forests,  quickly  unite  in  the  long  reach 
of  the  lake,  which  extends  eastward  beyond  the  zone  of  trees 
into  the  grassy  Pampas.  The  distance  from  the  head  of  the  basin 
to  the  outlet  of  the  lake,  where  the  Rio  Chimehuin  begins,  is  40 
kilometers.    Of  this  distance   27   kilometers   is   occupied   by 
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Lago  Huechulaufquen,  9  kilometers  by  the  southern  arm,  Lago 
Epulaufquen,  and  4  kilometers  by  the  slopes  of  the  bomidary 
range. 

The  Rio  Gumehufn  forms  the  outlet  of  the  lake  and  runs  in 
a  direction  south  by  east  to  latitude  40°  3',  where  it  flows  into 
the  Rio  Quilquihu6.  Above  the  Quilquihu6  it  receives  from  the 
west  the  Rio  Curhu6,  which  flows  from  Lago  Curhu6  Chico. 
Higher  up  in  the  same  valley,  but  separated  from  Lago  Curhu6 
Chico  by  a  dry  plain,  lies  Lago  Curhu6  Grande,  which  discharges 
toward  the  northwest  into  Lago  Epulauf quen.  In  the  following 
description  we  include  the  drainage  basins  of  Lago  Huechulauf- 
quen  and  its  two  arms,  and  the  Rio  Chimehufn,  the  Rio  Curhu6, 
and  Lago  Curhu6. 

The  altitude  of  Lago  Huechulaufquen  above  the  sea  was 
determined  by  barometer  by  the  Comisi6n  de  Lfmites  as  970 
meters.  This  figure  is  probably  only  approximately  accurate, 
as  by  the  same  method  the  altitude  of  Lago  Lolog  was  found  to 
be  959  meters  and  that  of  Lago  Lacar  714  meters  above  the  sea, 
whereas  by  more  accurate  stadia  survey,  based  on  the  well-deter- 
mined altitude  of  Lago  Nahuel  Huapi,  Lago  Lolog  and  Lago 
Lacar  have  been  found  to  be  900  and  641  meters  above  sea, 
resp)ectively. 

On  leaving  the  village  of  Jimln  de  los  Andes,  in  the  valley  of 
the  Chimehufn,  and  following  the  river  upstream,  the  traveler 
approaches  Lago  Huechulaufquen.  The  valley  floor  is  a  gravelly 
plain  in  general  covered  with  fine  soil,  from  0.5  to  3  kilometers 
wide,  and  falhng  approximately  5  meters  in  a  kilometer.  It  is 
divided  into  three  sections  by  narrows  where  the  river  runs 
through  gorges  cut  in  hardened  volcanic  tuffs.  The  central  one 
of  these  sections  is  the  plain  upon  which  Jimin  is  built. 

Around  the  east  end  of  Lago  Huechulaufquen  curves  the  low 
ridge  of  a  glacial  moraine  to  join  the  gentle  slopes  of  the  hills 
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which  rise  along  the  northern  and  southern  shores.  Toward  the 
west  the  slopes  become  steeper,  especially  on  the  south,  and  at 
the  narrowest  point  in  the  lake,  where  the  summits  on  opposite 
sides  of  it  are  but  4  kilometers  apart,  they  reach  an  altitude  of 
1,200  meters  above  the  lake,  or  2,200  meters  above  sea.  Near  by 
toward  the  west  rises  the  moimtain  which  separates  the  northem 
and  southern  branches,  and  all  about  the  headwaters  the  sxmi- 
mits  of  the  Andes  attain  altitudes  of  1,750  to  2,200  meters  above 
sea.  Thus  from  the  east  end  toward  its  head  the  lake  basin  sinks 
into  the  Cordillera,  giving  the  traveler  a  profound  impression  of 
the  depth  of  the  waters  and  the  majesty  of  the  mountains.  Such 
impressions  are  given  by  many  of  the  Andean  lakes  and  may  be 
considered  characteristic  of  the  region. 

The  eastem  portion  of  the  valley  of  Lago  Huechulauf quen  is 
suitable  for  settlement,  but  the  western  portion  would  be  more 
appropriately  retained  as  a  forest  reserve  and  a  center  of  tourist 
travel. 

The  Rio  Chimehufn  leaves  the  lake  through  a  gorge  with 
steep  banks  composed  of  the  morainal  deposits  and  of  ledges  of 
soft  sandstone.  The  current  of  the  river  is  strong.  In  the 
gorge  there  is  a  narrow  section  which  is  well  suited  to  the  con- 
struction of  a  dam  such  as  would  be  required  to  hold  back  the 
waters  and  regulate  the  volxmie  of  the  stream. 

To  the  north  of  the  outlet  of  Lago  Huechulauf  quen  the  shore 
is  flat  and  low  for  some  10  kilometers,  and  the  grassy  hills  extend 
about  6  kilometers  farther  toward  the  northwest.  High  on  the 
slopes  of  the  northem  range,  the  Sierra  de  Mamuil-Malal,  there 
is  a  narrow  belt  of  forest.  To  the  south  and  west  of  the  outlet 
the  belt  of  flat  lands  is  narrow,  and  at  about  8  kilometers  west 
the  steep  slopes  of  the  high  hills  become  precipices.  The  slopes 
are  bare  of  woods  throughout  the  length  of  the  southem  shore^ 
except  in  a  narrow  zone  near  the  west  end  of  the  lake. 
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The  northern  arm  of  Lago  Huechulaufquen,  or  Lago  Paimtin, 
connects  with  the  main  lake  at  a  narrows  that  has  been  produced 
by  the  gravel  deposits  of  the  Rio  Yof alhu6,  which  has  here  built 
its  alluvial  cone  out  from  the  northern  shore.  Lago  Paimtin 
opens  toward  the  northwest  and  extends  to  a  length  of  some  14 
kilometers  toward  the  southwest.  Its  coasts  are  bold  and  cov- 
ered with  forests.  Lying  hidden  in  the  heart  of  the  Andes,  Lago 
Paimtin  offers  to  tourists  the  beauty  of  virgin  nature,  untouched 
by  man.  Aroimd  its  northem  shore  a  footpath  leads  over  a  pass 
in  the  Andes  to  Chile,  but  this  trail  is  difficult  and  little  used. 

The  southem  arm,  or  Lago  Epulaufquen,  is  smaller  than  the 
northem,  being  only  9  kilometers  long.  Its  extreme  southwest 
end  lies  in  an  amphitheater  at  the  foot  of  the  snow-covered  Cor- 
dillera. Thermal  springs  issue  in  the  plain,  surrounded  by  high 
cliffs.  All  the  mountain  slopes  are  heavily  forested.  On  the 
southem  shore  of  Lago  Epulaufquen  the  valley  of  the  Escorial 
and  of  Lago  Curhu6  opens  out  to  the  south.  The  latter  occu- 
pies a  part  of  the  valley  of  Rio  Curhu6,  which  slopes  away 
to  the  southeast,  but  the  lake,  being  separated  from  the  river 
by  alluvial  deposits,  discharges  at  its  northwest  end  and  is  trib- 
utary to  Lago  Epulaufquen.  Lago  Curhu6  is  some  12  kilometers 
long  and  not  more  than  i  kilometer  wide.  It  occupies  a  basin 
formed  by  the  damming  of  the  waters  in  an  andent  valley  sunk 
deep  between  wooded  slopes  that  are  crowned  by  the  snowy 
crests  of  the  Cerro  Contra  chain  on  the  north  and  of  an  imnamed 
range  on  the  south.  The  Escorial  forms  a  promontory  on  the 
south  shore  of  Lago  Epulaufquen  and  consists  of  a  flow  of  lava 
and  volcanic  ash  which  issued  from  a  center  of  emption  in  the 
moimtain  group  of  Cerro  Huenquihu6.  This  lava  does  not  be- 
long to  the  ancient  volcanic  rocks  that  constitute  so  large  a  part 
of  the  Andes  in  this  region,  being  in  fact  a  relatively  recent  flow 
which  has  not  yet  become  covered  with  v^etation. 
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Recent  volcanic  activity  is  recognized  about  Lago  Huechu- 
iauf quen  not  only  in  the  Escorial  and  the  hot  springs  but  also  in 
the  majestic  cone  of  the  volcano  Lanfn,  or  "Cerro  Imperial/* 
as  it  was  called  by  Villarina  in  1783,*  which  stands  some  20 
kilometers  north  of  the  lake.  Distinguished  by  the  beautiful 
symmetry  of  its  snowy  cone,  the  Cerro  Lanin  is  easily  recognized 
from  a  distance  as  a  modem  volcano,  very  much  like  the  volcano 
Osomo,  in  Chile.  Its  altitude  is  3,774  meters  above  sea,  and  it 
rises  above  the  Cordillera  with  a  majesty  which  is  in  truth 
"imperial." 

Toward  the  southeast,  beyond  the  basin  of  Lago  Curhu6, 
already  described,  extends  the  valley  of  the  Rio  Curhu6.  The 
plain  between  Lakes  Curhu6  and  Curhu6  Chico  is  formed  by  the 
alluvial  fan  of  a  southwestem  tributary  and  is  continued  in  the 
upper  valley  of  the  Rio  Cxirhu6.  This  stream  formerly  had  its 
soxurce  high  in  the  Cordillera  b^rond  Lago  Cxu:hu6,  south  of  Lago 
Epulauf quen,  but  lost  its  headwaters  dining  the  development  of 
the  lake  basins.  Thus,  although  the  valley  is  still  continuous,  a 
portion  of  the  river  has  been  diverted  to  another  course.  The 
lower  valley  of  the  Rio  Cxirhu6  is  an  extensive  plain  which  may 
readily  be  oiltivated  under  irrigation. 

AGRICULTUIIE 

The  economic  study  of  the  basin  of  Lago  Huechulauf quen 
must  logically  include  the  valleys  of  the  Chimehufn  and  the 
Curhu6,  where  permanent  settlements  may  be  established,  and 
all  the  tributary  region  up  to  the  simmiit  of  the  Cordillera,  which 
will  become  a  smnmer  resort.  These  two  definite  districts  are 
distinguished  by  topography  and  vegetation  and  may  accord- 
ingly be  devoted  to  agrioiltxure,  grazing,  or  forest  reserve,  while 

*  "  Diario  dd  reconodmiento  del  Rfo  Negro  in  1782-83/'  por  D.  Basilio  Villarina 
Bermiidez;  dted  by  Fond^  in  "  Diarios  dd  Fray  Frandsco  Men6ndez/'  n,  page  121. 
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the  warm  springs  and  the  beautiful  scenery  of  the  lakes  will 
always  attract  tourists. 

The  valleys  of  the  Chimehuin  and  the  Curhu6  were  formerly 
more  deeply  excavated  between  the  slopes  of  volcanic  tuff  which 
in  general  constitute  the  adjacent  hills.  They  are  now  filled 
with  gravel  and  sand,  forming  flat  plains  in  which  the  rivers 
are  excavating  new  channels.  These  plains  thus  lie  as  terraces 
moTt  or  less  elevated  above  the  streams. 

The  soils  are  composed  of  sand,  gravel,  and  fine  earth  con- 
sisting in  large  part  of  volcanic  ash.  In  general  the  coarser 
materials  lie  below  and  are  covered  by  fine,  compact  soil  which 
has  accumulated  wherever  there  was  moisture  to  favor  the  growth 
of  v^etation  and  aid  the  plants  in  retaining  the  volcanic  ash 
and  eolian  dust  In  some  sections  the  wind  has  stripped  the 
gravel  of  soil,  or  tributary  streams  have  built  out  alluvial  cones 
composed  of  coarse  materials  which  interrupt  the  good  soils. 

Jimfn  de  los  Andes  is  situated  on  a  plain  of  good  soil  which 
is  isolated  from  other  similar  plains  by  narrows  both  above  and 
below  the  village.  The  uppermost  section  of  the  valley  of  the 
Chimehuin  is  more  gravelly  and  less  suited  to  cultivation.  The 
valley  of  the  Curhu6  is  an  extensive  area  of  flat  plains  in  which 
the  subsoil  of  gravel  is  covered  by  fine  soil  to  a  dq>th  of  a  meter. 

The  valleys  of  the  Qiimehuin  and  the  Curhu6  are  both  in  that 
climatic  zone  which  is  characterized  by  a  relatively  small  pre- 
cipitation as  compared  with  the  Cordillera.  The  subsoil  of  the 
sand  and  gravel  is  porous  and  the  siuiace  waters  readily  pene- 
trate into  it  For  these  reasons  the  valleys  have  a  semi-arid 
aspect  but  are  suitable  for  cultivation  imder  irrigation. 

The  valley  of  the  Chimehuin,  the  area  of  which  is  about  60 
square  kilometers,  contains  some  4,000  hectares  of  good  land 
suitable  for  irrigation  and  situated  at  levels  that  could  be  easily 
reached  by  canals. 
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A.  Lago  Curhu6.     Looking  west  along  the  lake  toward  the  main  Cordillera. 

B.  Lago  Epulaufquen.  the  southwestern  arm  of  Lago  Huechulaufquen.    Looking  west  toward  the  head  of  the  lake  where 

hot  springs  issue  at  the  base  of  the  Cordillera. 
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The  valley  of  the  Rio  Ciirhu6  has  an  area  of  about  4,000  hec- 
tares of  land  which  may  be  cultivated,  of  which  about  2,500 
hectares  are  well  situated  for  irrigation. 

The  Rio  Chimehufn  carries  sufficient  water  to  irrigate  all 
the  irrigable  lands  in  its  valley,  but  the  Rio  Ciu:hu6  has  a  much 
smaller  drainage  basin  and  in  some  seasons  may  not  yield  suf- 
ficient water.  The  agricultural  lands  which  cannot  be  irrigated, 
however,  may  be  used  for  the  cultivation  of  hay  crops  for  the 
wintering  of  herds. 

Aroimd  the  east  end  of  Lago  Huechulaufquen,  on  the  flatter 
sections  of  the  shore,  there  are  some  1,350  hectares  of  land  which 
may  be  cultivated  without  irrigation — ^that  is,  principally  for 
raising  hay.  On  other  parts  of  the  shore  and  also  on  the  shores 
of  the  upper  arms  of  Lago  Huechulaufquen  there  are  small  areas, 
each  of  50  hectares,  more  or  less,  which  may  be  cultivated  for 
hay,  wheat,  oats,  or  potatoes,  according  to  the  quantity  of  rain, 
protection  against  the  winds,  and  exposure  to  the  son.  Pre- 
cq)itation  and  cloudiness  diminish  from  west  to  east,  but  in  re- 
gard to  shelter  from  the  winds  the  local  tq)ography  is  the  deter- 
mining factor. 

GRAZING 

Grazing  in  the  basin  of  Lago  Huechulaufquen  may  include 
the  breeding  of  cattle  and  of  sheep.  The  ranges  which  lie  east 
of  the  wooded  Cordillera  are  suitable  for  pastiuing  sheep  through- 
out the  year.  Cattle  may  also  range  here,  but  in  the  summer 
they  should  ascend  to  the  wooded  slopes  and  alpine  pastures  of 
the  Cordillera.  Even  in  winter  cattle  may  very  well  remain  in 
the  forests  in  those  parts  of  the  moimtains  where  the  snows  are 
not  too  heavy  and  the  imderbrush  affords  pasture  and  shelter 
from  the  winds.  In  order  that  the  entire  region  may  be  grazed 
to  its  fullest  capacity  it  should  be  stocked  to  the  economic  limit 
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of  the  winter  range^  which  may  be  increased  by  the  cultivation 
of  alfalfa  and  other  pasture.  In  the  spring  the  animals  should 
go  up  into  the  moimtains  as  soon  as  the  season  allows,  leaving 
the  lower  camps  to  seed  and  recover.  The  time  for  returning  to 
the  lower  lands  should  be  determined  according  to  the  season 
and  the  condition  of  the  ranges  on  the  grassy  foothills.  In  order 
that  these  ranges  may  remain  in  good  condition  the  number  of 
sheep  which  may  be  grazed  during  the  simuner  should  be  strictly 
limited. 

FOKESTS 

The  distribution  of  the  forests  is  indicated  on  the  accom- 
panying map.  They  are  Umited  in  the  Cordillera  de  los  Andes 
by  the  wide  extent  of  the  high  summits,  but  they  cover  all  the 
slopes  below  altitudes  of  i,6oo  meters  above  the  sea  down  to  the 
shores  of  the  lakes  and  the  bottoms  of  the  valleys.  Toward  the 
east  the  forests  change  in  character  and  diminish  in  extent,  being 
confined  to  a  high  zone  in  the  slopes  that  face  the  southeast 

All  about  the  northern  and  southern  arms  of  the  head  of  Lago 
Huechulauf quen  the  forests  consist  principally  of  large  trees  of 
coihu6,  associated  with  dprfe  and  other  species  which  grow  well 
in  a  himtiid  habitat  and  which  are  therefore  common  to  this 
slope,  although  they  grow  more  abimdantly  in  Chile.  Under 
the  great  trees  grow  shrubs  and  bamboo  thickets.  Dense  forests 
of  large  trees  also  extend  around  Lago  Curhu£,  growing  especially 
on  the  more  himtiid  slopes  facing  the  south.  Ta  the  east  of  Lago 
Ciu:hu£  and  to  the  north  of  the  east  end  of  Lago  Huechulauf  quen 
the  coihu6  is  lacking  and  the  lenga  alone  persists  in  the  upper 
zone,  while  the  ciprfe  extends  eastward,  growing  in  isolated  groups 
on  the  lower  slopes  and  in  the  ravines. 

The  forests  about  Lago  Huechulaufquen  may  be  exploited 
commercially  or  may  be  retained,  not  only  as  an  essential  ele- 
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ment  of  the  beauty  of  the  r^on,  but  also  because  they  have  an  im- 
portant relation  to  the  flow  of  the  Rio  Chimehuin.  Their  com- 
mercial exploitation  is  less  important  than  their  maintenance  for 
other  purposes  and  should  be  restrained  by  impropriate  regula- 
tions. 

The  forests  of  lenga  which  extend  around  the  high  sununits 
above  the  long  gravelly  slopes  in  the  eastern  part  of  the  moun- 
tains retain  the  snows  and  rains  which  fall  in  these  altitudes  and 
allow  the  water  to  percolate  slowly  to  the  springs  rather  than  be 
rapidly  wasted.  Thus  they  serve  to  maintain  the  pasture  and  the 
herds  in  the  foothills  and  should  be  carefully  protected. 

The  woods  about  Lago  Epulauf  quen  and  La^o  Paimtin  belong 
to  the  dense  forests  of  the  himiid  zone,  and  die  exuberance  of 
their  v^etation  corresponds  to  the  quantity  of  snow  and  rain. 
The  greater  part  of  the  volume  of  the  Rio  Chimehuin  originates 
on  these  slopes,  and  the  forests  by  distributing  the  run-off  through 
the  months  of  lesser  precipitation  both  diminish  the  floods  of 
the  river  and  increase  its  volume  during  the  low-water  season. 
The  f imction  which  they  thus  serve  establishes  a  relation  between 
these  forests  and  all  the  agricultural  settlements  of  the  lower 
valleys.  Even  if  the  region  is  considered  only  as  a  simtmier  re- 
sort the  importance  of  maintaining  the  dark  mantle  of  foliage 
upon  the  lower  slopes  of  the  snow-covered  peaks  is  obvious. 
From  whatever  point  of  view  they  may  be  considered,  the  reserva- 
tion of  these  forests  in  the  r^on  where  they  grow  so  exuberantly 
is  suf^rted  by  every  argument  of  utility  and  beauty.  The 
exuberance  which  gives  the  forest  its  great  value,  however,  will 
permit  its  advantageous  conmiercial  exploitation  imder  such 
r^;ulations  as  may  be  established  by  the  Forest  Service,  for 
the  object  of  conserving  the  yoimg  trees  and  utiliidng  the  ma- 
ture ones.  It  will  be  necessary,  for  the  improvement  of  the 
virgin  forest,  to  take  out  the  old  trees,  which  are  abimdant,  and 
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especially  to  protect  the  young  trees,  which  are  eagerly  eaten  by 
cattle  and  are  very  scarce  in  the  accessible  portions  of  the  moun- 
tains. The  reproduction  of  the  forest  is  favored  by  the  con- 
ditions of  growth,  so  that  proper  exploitation  may  be  easily 
carried  out  without  disturbing  the  control  of  the  waters  or 
destroying  the  beauty  of  the  scenery. 

UTILIZATION  OF  WATERS 

According  to  the  observations  of  the  Meteorological  Bureau 
from  1903  to  1907,  Lago  Huechulaufquen  discharged  diuing  that 
period  the  mean  quantity  of  96  cubic  meters  a  second,  or  3,000,- 
000,000  cubic  meters  annually.  In  1904  the  mean  annual  dis- 
charge rose  to  the  maximum  of  121  cubic  meters  a  second,  and 
in  1907  it  fell  to  67  cubic  meters  a  second.  Thus  the  maximum 
flow  was  equal  to  1.67  times  the  minimum.  The  volumes  of 
water  discharged  in  the  same  years  were  3,800,000,000  and 
2,100,000,000  cubic  meters,  respectively. 

These  great  volumes  of  water  were  all  derived  from  the  rain 
and  snow  which  fell  upon  the  Cordillera  and  in  less  amoimt  upon 
the  eastern  foothiUs  and  valleys  of  the  drainage  basin.  The 
area  of  the  entire  basin  is  estimated  at  1,650  square  kilometers 
and  the  annual  precipitation  is  calculated  accordingly,  as  follows: 

Mean  annual  precipitation^  1902-1907 1,800  millimeters 

Maximum  annual  precipitation,  1904 3,300  millimeters 

Minimum  annual  precipitation,  1907 i|375  millimeters 

The  result  of  1,800  millimeters  calculated  for  the  mean  annual 
precipitation  compares  satisfactorily  with  that  of  1,890  milli- 
meters obtained  by  observations  from  1898  to  1904  at  San  Martin 
de  los  Andes,  a  point  situated  about  midway  between  the  rainy 
Cordillera  and  the  drier  Pampas.  As  at  Jimfn  de  los  Andes  the 
mean  precipitation  from  1901  to  1907  was  no  more  than  788  milli- 
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meters,  it  is  apparent  from  the  average  shown,  of  1,800  milii- 
meters,  that  the  amomit  which  falls  in  the  upper  part  of  the 
drainage  basin  on  the  Cordillera  may  easily  exceed  3,000  milli- 
meters. 

Turning  from  the  estimates  of  annual  volimie  discharged  by 
Lago  Huechulauf quen  to  the  seasonal  variations,  we  find  from 
the  records  already  dted  that  floods  occurred  in  Jime  or  July 
and  again  in  October,  November,  or  December  of  each  of  the  five 
years  of  observation.  The  highest  flood  was  observed  on  July 
26, 1904,  when  the  volume  discharged  rose  to  400  cubic  meters  a 
second,  or  more  than  four  times  the  average.  The  maximum 
spring  flood,  on  October  8, 1904,  was  250  cubic  meters  a  second. 

The  lowest  stages  also  ocurred  at  two  seasons— in  March, 
April,  or  May,  and  in  August,  Sq>tember,  and  October.  The 
lowest  volume,  recorded  May  i,  1907,  was  but  13  cubic  meters 
a  second.  On  Jime  19  of  the  same  year  the  flood  volume  was 
130  cubic  meters,  but  by  July  14  the  amoimt  had  again  fallen  to 
a  minimum  of  50  cubic  meters  a  second. 

The  wide  range  from  extreme  low  water,  flowing  but  13  cubic 
meters  a  second,  to  the  great  flood  volume  of  400  cubic  meters 
a  second  no  doubt  corresponds  to  variations  in  the  annual  pre- 
cipitation and  to  differences  of  seasons,  which  exaggerated  drought 
or  snowfall  or  rainfall  succeeding  snowfall.  It  is  probable  that 
the  scarcity  of  water  in  1907  approached  or  reached  a  minimum, 
but  it  is  not  improbable  that  other  maxima  may  have  exceeded 
the  highest  recorded  and  that  greater  floods  may  be  expected. 
Lange*  gives  the  maximum  discharge  of  Huechulauf  quen  as 
603  cubic  meters  a  second,  according  to  his  observations. 

It  is  important  to  contrd  the  outflow  of  Lago  Huechulauf- 
quen  in  order  to  use  the  waters  for  irrigation  not  only  of  the  val- 

*  "  Rfo  Negio  y  sua  afluentes;  estudio  hidiom^trico  y  proyectos  de  obras  de  regular!- 
zaci6ii,"  by  Gunardo  Lange,  head  of  the  division  of  hydrology,  Meteorological  Office, 
BuenoB  Aires,  1904,  page  4a 
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ley  of  the  Chimehuin  and  lower  Quilquihu^^  but  also  of  the 
valley  of  the  Limay  and  Rio  Negro.  In  developing  the  plan 
for  regulating  the  volume  of  the  Rio  Limay,  Lange  names  Hue- 
chulaufquen  as  next  in  importance  after  Lago  Nahuel  Huapf 
and  proposes  that  it  be  one  of  the  first  lakes  to  be  brought  under 
control.  The  capacity  of  the  lake  as  a  storage  basin,  the  extent 
of  its  drainage  area,  and  the  variations  of  volmne  to  which  the 
Limay  is  liable  are  all  of  such  magnitude  as  to  fxilly  justify  this 
selection.  Lange  proposed  a  dam  not  more  than  7  meters  high 
at  the  outlet  of  Lago  Huechulaufquen.  The  object  which  he 
had  in  view  was,  however,  only  to  restrain  the  floods  in  the  Limay 
within  safe  limits  and  to  utilize  the  waters  thus  held  back.  The 
siuplus  might  be  allowed  to  escape.  In  the  present  state  of 
settlement  in  the  valley  this  would  be  a  great  advantage,  but  it 
can  not  be  considered  a  final  disposition  of  the  question.  There 
will  come  a  time,  and  it  is  not  far  off,  when  all  the  water  that  can 
be  made  available  for  irrigation  in  the  Rio  Negro  basin  will  be 
required,  and  Lago  Huechulaufquen,  as  one  of  the  most  impor- 
tant storage  basins,  will  be  dammed  at  such  a  height  as  to 
retain  within  it  for  use  as  wanted  the  maximum  possible  pro- 
portion of  the  excess  waters,  including  all  but  the  greater  flood 
volumes. 

Should  the  forests  about  the  headwaters  of  Lago  Huechulauf- 
quen ever  be  cut  away  and  the  ground  laid  bare,  the  floods  which 
would  ensue  would  be  far  in  excess  of  any  that  have  been  ob- 
served, and  the  scarcity  of  water  in  the  dry  season  would  be  very 
seriously  aggravated.  It  is  therefore  of  prime  importance  in 
relation  to  the  great  problem  of  regulating  the  flood  of  the  Rio 
Limay  that  these  forests  which  serve  to  hold  back  the  waters  on 
so  important  a  tributary  as  the  Chimehuin  should  be  preserved. 
They  should  be  included  in  a  Government  reserve  which  should 
cover  the  headwaters  of  all  the  lakes  in  the  Limay  basin  and 
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should  be  cut  only  under  the  supervision  of  a  competent  Forest 
Service,*  according  to  regulations  to  be  laid  down  by  the  Govern- 
ment. 

ROADS  AND  SETTLEMENTS 

The  valleys  of  the  rivers  Chimehufn  and  Curhu^  are  neces- 
sarily routes  for  roads  which  follow  them  from  the  plains  along 
the  lower  parts  of  the  streams  to  the  lakes  near  their  sources.  A 
road  which  follows  the  valley  of  the  Curhu^  continues  to  Lago 
Curhu£  and  may  easily  be  extended  to  Lago  Epulauf  quen  and 
the  thermal  springs.  Following  the  plains  along  the  Rio  Chime- 
huin  we  reach  the  east  end  of  Lago  Huechulaufquen.  In  order 
to  afford  communication  with  the  head  of  the  lake  it  will  be  neces- 
sary to  establish  connection  by  steamer,  as  it  would  be  very 
difficult  to  build  a  road  along  the  steep  and  rocky  shores. 

A  long-established  road  leaves  the  valley  of  the  Chimehufn 
some  20  kilometers  downstream  from  the  outlet  of  Lago  Hue- 
chulaufquen and  passes  by  Lago  Tromen  across  the  Andes  to 
CMe.  From  the  same  point  on  the  Chimehufn  another  road 
runs  eastward  across  the  plateaus  to  the  limay,  and  at  the 
point  where  the  two  roads  meet  in  the  plains  of  the  Chimehufn 
is  the  ancient  center  oi  Indian-Spanish  settlement  now  known 
as  Junfn  de  los  Andes. 

In  191 2  Junfn  had  a  population  of  356  persons,  but  on  ac- 
coimt  of  changes  which  are  in  progress  in  the  driving  of  herds 
from  this  region  to  Chile  the  population  is  falling  off.  Formerly 
this  place  was  a  f  ortress,  and  later  it  became  an  important  center 
of  trade  in  cattle.  As  many  as  20,000  head  are  said  to  have 
passed  through  Junfn  in  a  year  en  route  to  Chile.  Now  the 
herds  are  driven  to  Neuqudn  and  shipped  over  the  Ferrocarril 
Sud  to  Buenos  Aires,  and  this  traffic  does  not  pass  by  Junfn. 
However,  in  spite  of  the  fact  that  the  village  is  no  longer  of 
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commercial  importance^  it  must  always  be  the  center  of  admin- 
istration and  local  business  for  the  district  of  Huechulaufquen. 

The  Estanda  Collimco  occupies  some  i2  leguas  (132,000 
acres,  approximately)  in  this  district  and  covers  an  area  which 
is  boimded  on  the  east  by  the  Rio  Chimehuin,  on  the  south  by 
the  Rio  Quilquihu6  of  the  Lolog  drainage  basin,  and  on  the 
northwest  by  a  line  which  joins  Lago  Lolog  and  Lago  Huechu- 
laufquen.  This  estanda  occupies  all  the  lands  between  the 
Chimehufn  and  the  high  Cordillera  that  are  suitable  for  culti- 
vation and  grazing,  with  the  exception  of  some  small  areas  on 
the  southern  coast  of  Lago  Huechulaufquen,  in  the  upper  valley 
of  the  Rio  Curhu6,  and  about  Lago  Lolog. 

In  1913  the  lands  of  the  Estanda  Collimco  were  well  fenced 
and  the  manager,  with  active  and  intelligent  interest,  had  insti- 
tuted various  experiments  in  agriculture  and  grazing.  Oats 
were  being  cultivated  without  irrigation.  With  irrigation  al- 
falfa did  exceedingly  well,  yielding  three  crops.  Wheat,  potatoes^ 
and  hardy  v^etables  grow  well,  but  it  is  necessary  to  choose  the 
early  varieties  in  order  not  to  lose  the  crops  by  the  early  frosts, 
which  come  in  February. 

Grazing  constitutes  the  prindpal  business  of  the  Estanda 
CoUimco.  The  herds  winter  in  the  low  valley  lands  and  on  the 
grassy  hills  and  in  simuner  are  driven  up  into  the  Cordillera. 
They  do  not,  however,  penetrate  far  into  the  forested  valleys 
because  of  the  general  absence  of  roads  and  the  difficulty  of 
roimding  up  the  animals  in  the  forests.  The  greater  part  of 
the  herds  consists  of  Hereford  and  Durham  cattle,  and  in  the 
opinion  of  the  manager  the  Hereford  will  prove  to  be  the  better 
of  the  two.  Sheep  raising  is  not  as  profitable  in  this  district  as 
cattle  raising,  and  the  fldcks  of  sheep  are  being  lessened  in 
number. 

Around  the  coast  of  Lago  Huechulaufquen  various  settlers 
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A.  Lago  Lolog.  seen  in  the  distance  beyond  the  vega  or  plain  of  the  Lolog.     Looking  west  toward  the  Cordillera. 

B.  Hills  north  of  the  Vega  de  Lolog,  showing  the  partly  forested  character  of  the  eastern  foot-hills  of  the  Andes  and  the  top- 

ographic foims  which  have  resulted  from  two  widely  separate  epochs  of  glaciation. 
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have  established  themselves^  some  as  temporary  squatters, 
others  with  the  object  of  making  homesteads  and  obtaining  titles. 
Of  all  the  Andean  lakes,  except  perhaps  Lago  Nahuel  Hnapf, 
Lago  Huechulaufquen  presents  the  greatest  attractions  for  a 
summer  resort  The  upper  branches  of  the  lake,  Lago  Epu- 
laufquen  and  Lago  Paimtin,  lie  in  the  very  heart  of  the  Cor- 
dilleras, surrounded  by  forests  which  have  all  the  richness  of 
verdure  characteristic  of  the  western  Andes  and  by  high  and 
precipitous  moimtains  whose  summits  are  covered  with  snow 
diuing  the  greater  part  of  the  summer.  From  the  deep  dark* 
green  waters  of  the  lake  in  the  foreground  the  eye  ranges  over 
the  rich  forest  covering  of  the  slopes  to  the  volcano  Lanin,  whose 
synmietrical  cone  rises  to  13,000  feet,  rivaling  £1  Tronador  in 
majestic  beauty.  An  attraction  peculiar  to  this  region  of  the 
Argentine  slopes  of  the  Andes  consbts  of  the  hot  springs  which 
issue  at  the  foot  of  the  precipices  in  the  amphitheater  at  the  head 
of  Lago  Epulaufquen.  Two  sites  are  especially  appn^riate  for 
hotels,  one  on  the  south  shore  of  Lago  Huechulaufquen,  whence 
there  is  a  superb  view  across  the  lake  northward  to  the  volcano 
Lanfn,  and  the  other  at  the  hot  springs  at  the  west  end  of  the 
lake.  Both  of  these  sites  should  be  included  within  the  limits 
of  the  national  forest,  and  the  privil^e  of  maintaining  the  hotels 
and  communication  on  the  lake  should  be  leased  by  the  Govern- 
ment under  conditions  which  will  protect  the  natural  scenery 
and  maintain  the  resort  for  the  nation  for  all  future  time. 

Lago  Lolog 

The  drainage  basin  of  Lago  Lolog  is  a  narrow  valley  which 
extends  east  and  west  in  the  Argentine  Cordillera  between  Lagos 
Huechulaufquen  and  Lacar,  south  of  latitude  40^  From  the 
pass  of  Perihueico,  on  the  boundary  with  Chile,  to  the  jimction 
of  the  outlet  of  the  lake  with  the  Rio  Chimehufn  the  distance 
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is  50  kilometers.  The  form  of  the  basin  is  triangular,  with  the 
vertex  at  the  east,  and  its  area  is  540  square  kilometers. 

Three  streams  which  rise  in  the  bomidary  range  of  the  Andes 
join  in  Lago  Lolog.  The  largest  is  the  Rio  Auquinco,  which 
heads  in  Cerro  Huenquihu6, 2,200  meters  above  the  sea,  and  flows 
some  18  kilometers  toward  the  southeast*  Lago  Lolog  occupies 
the  central  part  of  the  valley,  is  24  kilometers  long  from  east  to 
west,  and  has  an  area  of  35.1  square  kilometers.  It  may  be 
divided  into  three  parts — the  head,  which  is  shut  in  by  high 
mountain  ranges;  the  central  section,  in  which  the  Rio  Auquinco 
joins  it  from  the  north;  and  the  eastern  section,  which  corre- 
sponds to  an  open  valley  l}ang  among  grassy  hills.  The  outlet 
of  the  lake  is  the  Rio  Quilquihu6,  which  flows  in  a  valley  some 
25  kilometers  wide  to  the  Rio  Chimehufn. 

The  drainage  basin  of  Lago  Lolog  is  smaller,  more  retired, 
and  less  picturesque  than  those  of  Lago  Huechulauf quen  and 
Lago  Lacar.  It  therefore  possesses  less  interest  for  tourists  and 
will  be  utilized  chiefly  for  agriculture  and  grazing,  and  its  forests 
may  be  commercially  exploited  under  proper  regulations  to 
protect  the  run-off  of  the  waters  and  control  floods. 

The  valley  of  the  Rio  Quilquihu^  is  a  broad,  flat  plain  cov- 
ered with  a  fine  sandy  soil  overlying  beds  of  gravel  and  sand. 
It  is  limited  by  relatively  low  hills  on  the  north  and  south, 
through  which  lead  various  passes.  It  narrows  in  at  two  points 
and  thus  is  divided  into  the  lower  valley,  the  central  section, 
and  the  Vega  de  Lolog,  the  plain  which  reaches  to  the  outlet  of 
Lago  Lolog.  The  extensive  lower  valley  has  an  area  of  about 
5,800  hectares  in  the  principal  plain  and  the  two  arms  which 
extend  out  from  it  The  central  section  is  very  irr^ular  and  is 
wider  from  north  to  south  than  it  is  in  the  direction  of  the  river 
channel.  It  has  an  area  of  about  1,200  hectares.  The  Vega 
de  Lolog  is  broad  and  covers  about  1,100  hectares.    Toward  the 
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south  extends  an  arm  by  which  there  is  easy  passage  to  the 
V^a  de  Maq>ti;  of  the  Lago  Lacar  basin*  The  soil  of  all  these 
valley  lands  is  a  fine  sand  and,  being  easily  drained  by  the  under- 
I}dng  gravels,  appears  dry  on  the  surface.  In  order  to  cultivate 
it  irrigation  with  the  waters  of  Lago  Lolog  will  be  necessary. 

Along  the  northern  shore  of  Lago  Lolog  stretches  a  belt  of 
land  suitable  for  agriculture  without  irrigation.  It  is  about  4^ 
kilometers  long  and  has  an  area  of  500  to  600  hectares.  The 
soil  is  a  fine  black  eolian  dust  which  has  been  deposited  over  the 
lower  slope  by  the  winds  and  retained  by  the  grassy  vegetation. 
From  the  east  end  of  the  lake  to  the  point  where  the  shore  turns 
somewhat  sharply  westward  there  are  no  forests,  but  to  the  west 
of  the  angle,  by  a  high  mountain,  there  is  an  area  of  dense  forest 
of  coihu6,  roble,  and,  at  a  higher  elevation,  lenga.  The  moim- 
tain  which  bears  this  forest  has  an  altitude  of  1,800  meters  and, 
interrupting  the  gentle  slope  of  the  lake  shores,  makes  it  some- 
what difficult  to  pass  by  the  bridle  path  which  leads  westward 
to  the  valley  of  Rio  Auquinco. 

The  valley  of  the  Auquinco  heads  at  the  foot  of  the  Cerro 
Huenquihu^,  at  an  altitude  of  2,200  meters  above  sea,  and  de- 
scends in  18  kilometers  to  the  level  of  Lago  Lolog,  959  meters. 
It  is  in  general  a  plain,  with  the  exception  of  an  area  near  the  shore 
of  the  lake,  where  it  is  broken  by  low  hills.  There  are  no  forests 
in  this  valley.  In  the  center  is  an  area  of  swamp,  but  the  greater 
part  is  covered  with  grass  and  is  suitable  for  summer  pasture. 
The  cultivation  of  hardy,  acclimated  grasses  may  probably  be 
carried  out  with  profit  over  an  area  of  about  1,000  hectares. 
Being  exposed  to  the  winds  and  lying  at  an  altitude  where  the 
temperature  is  low  and  frosts  occur,  even  in  summer,  the  valley 
is  not  suitable  for  agriculture  of  the  better  class  and  is  not  adapted 
to  winter  grazing. 

The  southern  shore  of  Lago  Lolog  is  without  forests  in  the 
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greater  part  of  its  extent,  from  the  outlet  toward  the  west.  It 
is  formed  by  a  range  of  hills  covered  with  grass  or  with  bushes. 
Aromid  the  heads  of  the  streams  which  join  in  Lago  Lolog  grows 
the  dense  forest  of  the  Cordillera,  covering  about  10,000  hec- 
tares. As  in  other  parts  of  the  central  Cordillera,  the  trees 
consist  mainly  of  dpr^s  and  coihu6,  with  other  species  in  minor 
quantity.  Lying  in  the  western  zone,  within  reach  of  the  heavy 
rains  that  fall  upon  the  Pacific  slope,  the  woods  include  some 
Chilean  species  such  as  roble  or  pellin  and  maniti. 

Settlements  around  Lago  Lolog  will  be  made  chiefly  for  the 
purpose  of  cultivating  the  land,  grazing  the  pasture,  and  exploit- 
ing the  forests.  Agriculture  can  be  developed  about  the  eastern 
point  of  the  lake  and  in  the  valley  of  the  Quilquihu^.  It  may 
be  carried  on  without  irrigation  only  in  the  area  of  500  to  600 
hectares  of  black  soil  which  lies  along  the  northeastern  shore  of 
the  lake.  This  is  a  fine  soil  which  contains  a  great  deal  of  humus 
and  retains  the  moisture  of  the  moderately  abundant  rain. 
Being  exposed  to  the  winds  from  the  west,  the  fields  will  need 
protection  by  windbreaks  of  bushes  or  trees,  but  they  are  well 
situated  with  reference  to  frosts,  which  are  not  frequent  where 
wind  is  abundant 

The  V^a  de  Lolog  and  the  valley  of  Quilquihu^  may  be  culti- 
vated only  by  irrigation,  on  accoimt  of  the  sandy  and  porous 
nature  of  the  soil,  which  dries  rapidly  after  rains;  but  this  porous 
soil  is  very  suitable  for  irrigation,  as  it  drains  readily.  For  this 
same  reason  a  larger  quantity  of  water  will  be  needed  than  that 
which  would  suffice  for  less  porous  soils.  The  areas  that  would 
lie  below  canals  leading  out  of  Lago  Lolog  are  not  well  deter- 
mined, since  there  have  been  no  surveys  of  sufficient  accuracy, 
but  it  would  appear  that  the  Rio  Quilquihu6  descends  more 
than  100  meters  in  25  kilometers,  a  fall  of  more  than  4  in  1,000. 
An  irrigation  canal  would  not  need  to  have  a  fall  of  more  than 
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I  in  ijooo.  Thus  it  would  lie  on  the  slopes  of  the  valley  above  all 
the  flat  lands. 

The  valley  of  the  Quilquihu6  is  an  agricultural  district  of 
much  importance  in  this  region,  where  in  general  the  area  of 
lands  suitable  for  cultivation  is  very  meager  and  crops  of  alfalfa 
or  other  pasture  will  be  essential  in  the  development  of  grazing. 
Furthermore,  the  lower  valley  is  situated  on  the  trans- Andean 
route  which  passes  by  way  of  San  Martin  de  los  Andes  and  Lago 
Lacar. 

Lands  suitable  for  grazing  are  not  as  extensive  in  the  basin 
of  Lago  Lolog  as  they  are  in  that  of  Lago  Huechulauf  quen.  The 
hills  narrowly  inclose  the  lake  and  the  eastern  valley  and  limit 
the  gentler  slopes.  Licluding  the  grassy  hills  that  surroimd  the 
valley  of  Quilquihu6  and  the  eastern  part  of  the  lake,  the  area 
of  grazing  lands  is  probably  10,000  hectares.  They  are  low 
enough  and  sufficiently  sheltered  for  the  wintering  of  herds,  and 
they  are  immediately  adjacent  to  the  agricultural  lands  which 
would  supply  cultivated  pasture. 

Summer  pastures  are  to  be  found  in  the  wooded  ranges  of  the 
upper  part  of  the  basin  and  in  the  valley  of  the  Rio  Auquinco. 
From  the  time  that  the  snows  begin  to  melt  the  forests  and  the 
alpine  zones  offer  excellent  pasture.  Li  the  deeper  forests,  where 
there  is  a  growth  of  cane,  cattle  may  remain  even  in  winter.  The 
valley  of  the  Auquinco,  being  open,  is  without  adequate  shelter, 
and  as  it  lies  at  the  foot  of  the  snow-covered  Cerro  Huenquihu6 
it  is  exposed  to  strong  cold  winds.  On  this  accoimt  the  ranging 
of  herds  in  that  valley  is  limited  to  the  summer  months. 

Lago  Lac(jar 

Lago  Lacar  lies  in  latitude  40^  10'  and  is  more  deeply  sunk 
among  the  mountain  ridges  of  the  Andes  than  the  adjacent  lakes, 
its  surface  being  only  645  meters  above  sea.    It  is  also  the  only 
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one  of  the  northern  lakes^  north  of  Lago  Nahud  Huapf^  which 
discharges  its  waters  to  the  Pacific  slope.  All  about  its  eastern 
limit  the  basin  is  inclosed  by  a  moraine  which  has  an  altitude 
of  about  950  meters  above  sea^  and  the  Rio  Hiiahum,  issuing 
from  the  west  end  of  the  lake^  pursues  a  northwesterly  course 
along  the  foot  of  the  high  Sierra  de  Ipela.  Although  the  divide 
along  the  north  side  of  Lago  Lacar  runs  not  far  from  the  lake, 
the  sLopt  is  interrupted  by  a  valley  which  lies  parallel  to  the 
lake  and  some  300  meters  above  it.  It  is  known  as  the  Valle  de 
Quinalahu6  or  Valle  del  Trompul.  On  the  south  of  the  lake  the 
drainage  area  is  more  extensive  and  is  limited  in  greater  part  by 
very  high  ranges,  between  Cerro  dapelco  (2,433  meters),  on  the 
east  and  Cerro  de  Ipela  (2,320  meters),  on  the  west  The  chain 
that  stretches  from  east  to  west  between  these  great  heights  is 
interrupted  only  by  the  Paso  de  Pilpil,  which  opens  at  1,240 
meters  above  sea  into  the  basin  of  the  Rio  Caleufu. 

Lago  Lacar  is  26H  kilometers  long,  including  the  little  Lago 
Nonthu6,  which  is  confluent  with  the  main  body  of  the  lake  at 
the  west  end,  and  the  superficial  area  of  the  waters  is  52  square 
kilometers.  Its  width  is  in  general  about  2  kilometers,  and  the 
winding  lake  stretches  past  bold  rocky  promontories  and  extends 
beyond  the  alluvial  cone  of  the  Rio  Nonthu6,  which  cuts,  off 
Lago  Nonthu6.  Being  very  deeply  sunk  among  the  high  moun- 
tains, the  lake  seems  narrower  than  it  actually  is  and  invites 
comparison  with  Norw^ian  fiords  or  with  the  beautiful  lakelets 
of  the  Alps. 

Immediately  above  the  outlet — ^that  is,  above  the  west  end 
of  the  lake — ^rise  on  the  north  Cerro  Malo  (2,060  meters)  and 
on  the  south  Cerro  Quefii  (2,070  meters).  Immediately  south 
of  the  lake  are  other  heights  rising  to  more  than  1,900  meters 
above  sea,  and  rocky  and  precipitous  cliffs  rise  500  meters  above 
the  lake  directly  from  the  shores.    The  valleys  which  lie  be- 
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twe^i  the  heights  are  deep,  and  the  wooded  slopes  of  the  distant 
view  end  in  treeless  and  snow-covered  peaks.  Torrential  and 
rapid  streams,  such  as  the  Arroyo  Acol,  the  Rio  Chachim,  the 
Rio  Nonthu6,  and  the  Arro)ro  Grande,  rise  in  the  perpetual 
snows  and  empty  directly  into  Lago  Lacar.  The  Rio  Chachim 
runs  into  Lago  Quefii,  which  lies  in  a  wider  part  of  the  little  valley 
at  870  meters  above  sea,  or  about  230  meters  above  Lago  Lacar, 
and  locally  appears  to  be  well  adapted  for  the  installation  of  a 
hydro-electric  plant  with  turbines,  but  no  adeqxiate  data  regard- 
ing the  volume  of  the  river  and  the  conditions  that  would  affect 
the  storage  of  the  waters  are  yet  available.  It  may  be  noted 
that  the  tributaries  which  enter  Lago  Lacar  about  the  outlet  are 
directed  more  or  less  toward  the  east,  whereas  the  outlet  stream 
itself,  the  Huahimi,  takes  a  northwesterly  course  to  Lago  Peri- 
hudco,  in  GiOe.  This  difference  of  direction  affords  an  indica- 
tion of  the  inversion  of  the  former  direction  of  flow  of  the  river, 
which  once,  during  the  epoch  when  Lago  Lacar  discharged  toward 
the  east  and  its  waters  flowed  to  the  Atlantic,  was  a  tributary 
of  the  lake  instead  of  being  its  outlet. 

The  northem  shore  of  Lago  Lacar  is  not  so  high  as  that  on 
the  south  and  the  adjoining  slope  is  in  greater  part  much  more 
moderate.  The  ridge  of  Cerro  Malo  (1,770  meters),  the  Cerro 
Quinalahu6  (1,754  meters),  the  Piedra  de  Trompul  (1,380  meters), 
and  the  hill  north  of  San  Martin  (1,400  meters)  mark  a  height 
which  is  interrupted  by  transverse  valleys  that  head  in  the  de-> 
pression  which  runs  parallel  to  Lago  Lacar.  These  high  valle}r3 
have  an  altitude  of  about  1,000  meters  above  the  sea,  and  indeed 
they  constitute  in  effect  a  single  valley,  although  they  actually 
discharge  their  waters  by  various  streams  which  descend  directly 
to  the  lake.  Li  this  valley  the  pampas  of  Quinalahu£  and 
Trompul  represent  the  former  bed  of  a  river  which  once  flowed 
from  the  Cerro  Malo  eastward  to  the  Vega  de  Maipti. 
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The  eastern  point  of  Lago  Lacar  turns  sharply  toward  the 
northeast^  and  the  end  of  the  lake  is  hidden  from  the  main  body 
behind  a  promontory.  In  this  secluded  basin^  between  steep 
moimtain  slopes,  spreads  a  small  plain  which  is  the  site  of  the 
village  of  San  Martin  de  los  Andes.  It  lies  650  meters  above  the 
sea,  and  immediately  east  of  it  terraces  rise  150  meters  more  to 
the  extensive  plains  of  the  Vega  de  Maipti. 

The  site  of  San  Martfn  is  sheltered  on  every  side.  It  is,  in 
fact,  so  nearly  inclosed  by  hills  that  all  the  roads  leading  to  it 
descend  precipitous  slopes  to  reach  the  bottom  of  the  valley. 
The  Arroyo  de  la  V^a,  which  flows  from  the  Vega  de  Maipti^ 
falls  in  a  cascade  in  a  rocky  canyon,  below  which  its  waters  flow 
across  the  little  plain  to  the  lake.  The  view  from  the  village 
toward  the  west  includes  only  the  little  bay  at  the  east  end  of  the 
lake,  the  main  body  being  cut  off  by  the  promontory  on  the 
northern  shore,  aroimd  which  the  lake  turns  sharply  to  the  west. 

The  Vega  de  Maipti  lies  east  of  and  high  above  San  Martin, 
at  an  altitude  of  800  to  900  meters  above  the  sea,  and  occupies 
the  extension  of  the  valley  of  the  ancient  river  which  rises  in 
the  valley  of  Lago  Lacar,  toward  the  east.  In  the  geographic 
changes  that  have  occurred  in  this  region  that  portion  of  the 
valley  which  corresponds  to  the  Vega  de  Maipii  has  become  filled 
with  glacial  deposits  of  sand  and  gravel  and  has  been  inclosed 
on  the  east  by  morainic  ridges  formed  by  the  glaciers  of  two  dis- 
tinct epochs.  Thus  there  remains  a  high  plain  which  is  watered 
by  various  little  streams  from  the  adjoining  hills  and  is  divided 
by  their  alluvial  cones  into  basins  which,  though  shallow,  are 
somewhat  swampy.  The  differences  of  altitude  upon  the  plain 
are  almost  imperceptible,  yet  they  are  sufficient  to  affect  the 
conditions  of  moisture  in  the  soil  and  consequently  the  con- 
ditions of  cultivation. 

Almost  all  the  slopes  about  Lago  Lacar  are  wooded,  a  heavy 
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forest  being  lacking  only  along  the  southeastern  shore^  where  it 
is  replaced  by  shrubs  and  isolated  dpr^.  From  west  to  east 
the  character  of  the  forest  changes  according  to  the  change  in 
climate  or  difference  in  precipitation.  The  rainfall  in  the  V^a 
de  Maq>ii  probably  does  not  equal  one-half  or  possibly  not  one- 
third  of  the  quantity  that  falls  as  rain  and  snow  in  the  high 
Cordillera.  In  the  V^a  the  heavy  forest  is  replaced  by  shrubs^ 
and  the  shrubs  diminish  toward  the  east  until  they  disappear 
in  the  valley  of  the  Arroyo  Chapdco^  east  of  the  moraines, 
leaving  the  ridges  and  plains  beyond  the  basin  of  Lago  Lacar 
entirely  barren  of  any  but  herbaceous  vegetation. 

Lago  Lacar  is  situated  upon  a  very  ancient  pass  across  the 
Cordillera,  used  by  the  Lidians  before  the  conquest  of  Chile  by 
the  Spaniards  and  traversed  dining  all  the  centiuies  up  to  the 
present  as  a  convenient  route  from  one  side  of  the  Andes  to  the 
other.  According  to  the  Chilean  geographer  Barros  Arana, 
Francisco  de  Villagr&n,  who,  in  1553,  had  crossed  the  moim* 
tains  from  Villarica,  in  Chile,  to  the  Pampas,  probably  returned 
by  the  pass  of  Riiyhu£ — that  is,  by  Lago  Lacar.  Nowadays 
this  is  the  route  of  the  Transandino  de  San  Martin,  which  main- 
tains conmiunication  between  San  Martin  and  Chile  by  means  of 
a  combination  of  steamers,  horses,  and  stretches  of  railroad. 
This  route  has  always  been  foimd  the  most  convenient  by  which 
to  cross  the  range,  because  along  it  the  high  sierra  is  cut  through 
by  Lago  Lacar,  the  Rio  Huahiun,  Lago  Perihueico,  and  the  Rio 
Rifiihu£,  and  throughout  all  this  distance  there  is  no  elevation 
to  be  surmoimted.  It  is  a  continuous  valley.  The  continental 
divide  of  the  waters  between  the  Pacific  and  the  Atlantic  does 
not  follow  the  high  Cordillera  in  this  section  but  lies  in  the  mo- 
rainal  ridges  east  of  the  V^a  de  Maipii,  at  an  altitude  of  only 
950  meters  above  sea. 

This  route  offers  no  difficidties  to  the  construction  of  a  road 
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for  wagons  or  automobiles.  Even  in  the  steepest  section,  that 
between  the  Vega  and  San  Martin,  there  is  abready  an  excellent 
grade  by  which  the  tourist  may  easily  reach  San  Martin  and 
take  a  steamer  along  Lago  Lacar  to  the  outlet.  In  order  to 
build  a  railroad  it  would  be  necessary  to  take  a  different  route, 
because  the  descent  from  the  Vega  to  Lago  Lacar  is  so  steep  and 
the  precipices  which  form  promontories  along  the  course  of  the 
lake  are  so  bold  that  it  would  not  be  possible  to  locate  a  railway 
there,  but  the  route,  leaving  the  pass  of  the  moraine  at  the  east 
end  of  the  V^a  de  Maipti  at  an  altitude  of  522  meters  above  sea, 
should  pass  along  the  slopes  north  of  the  V^a  de  Maipii  to  the 
Llanos  de  Trompul,  where  it  would  reach  955  meters.  Thence 
it  would  descend  with  a  grade  of  about  15  in  1,000  to  the  outlet 
of  Lago  Lacar.  The  slope  north  of  Lago  Lacar,  between  the 
Llanos  de  Trompul  and  the  outlet,  is  favorable  for  this  construe* 
tion.  The  descent  from  the  outlet  to  Lago  Perihudco  is  moder- 
ate, and  though  that  which  lies  betwe^i  Lago  Perihudco  and 
Lago  Rifiihu6  is  steeper,  it  appears  from  the  surveys  which  have 
been  made  for  the  Transandino  de  San  Martin  that  the  location 
of  the  railway  is  practicable. 

Two  routes  of  less  importance  than  that  of  the  Transandino 
meet  in  the  V^a  de  Maipu.  One  comes  from  the  southeast 
and  passes  between  the  Cerro  Chapelco  and  the  Cerro  Corral 
de  Piedra  at  1,144  meters  above  sea.  The  other  ascends  from  the 
basin  of  Lago  Hermoso  and  crosses  the  Paso  de  PilpQ  at  1,156 
meters  above  sea.  It  is  now  no  more  than  a  bridle  path  but  will 
some  day  become  important  as  an  automobile  route  and  as  the 
line  of  the  branch  of  the  Cordilleran  railroad  which  will  join 
San  Martin  de  los  Andes  with  Lago  Nahud  Huapi. 

The  shores  of  Lago  Lacar  are  too  abrupt  for  the  construction 
even  of  a  carriage  road,  but  one  will  necessarily  be  built  event* 
ually  by  way  of  the  Llanos  de  Trompul  and  the  Pampa  of  Quina- 
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A.  El  Paso  Pilpil  on  the  divide  south  of  San  Martin  de  los  Andes,  elevation  i,i6o  meters  between  ranges  which  rise  above 

3,000  meters.    The  meadow  is  floored  by  glacial  deposits  laid  down  as  the  glaciers  retreated  from  the  pass. 

B.  A  view  south  of  Paso  Pilpil  along  the  distant  Valle  Hermoso  to  Cerro  Falkner. 
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laliu6,  along  the  route  already  indicated  for  the  railroad.  In 
order  to  pass  around  the  southern  shore  of  Lago  Lacar  it  will  be 
necessary  to  open  a  road  through  the  valleys  of  Arroyo  Grande, 
Rio  Nonthu£,  Rio  Giachim,  and  the  intervening  passes,  at  alti- 
tudes of  I, coo  to  i,6oo  meters  above  the  sea. 

The  situation  of  San  Martin  de  los  Andes,  hidden  among  high 
hQls  at  the  end  of  Lago  Lacar,  has  already  been  described.  It 
is  so  completely  sheltered  from  the  western  winds  and  is  so  warm 
and  sandy  that  it  is  already  an  attractive  resort  Lying  at  the 
point  of  transfer  from  the  eastern  route  to  the  steamer  on  the 
lake,  on  one  of  the  principal  routes  across  the  Cordillera,  the 
village  is  important  as  a  center  of  exchange  and  of  hotels,  and  it 
will  become  even  more  so  when  conmiunication  with  Chile  shall 
be  established  with  a  good  service  and  when  the  branch  railroad 
from  San  Martin  to  Nahud  Huapf  shall  be  completed.  The 
railroad  connections  should  be  extended  to  a  junction  with  the 
Ferrocarril  Sud  and  the  village  will  then  be  the  central  point  for 
tourists  coming  from  the  north,  west,  and  south. 

Headwaters  of  the  Rio  Caleufu,  JRio  Mdiquina^  and  Rio 
Fihhuahuen 

The  Rio  Caleufu  is  a  tributary  of  the  CoUoncuri,  which  it 
joins  about  15  kilometers  above  the  jimction  of  that  stream  with 
the  Rio  Limay.  For  some  30  kilometers  above  its  mouth  the 
course  of  the  Caleufu  is  nearly  from  west  to  east  across  a  district 
of  high  gravel-covered  mesas  overgrown  with  grass.  At  the 
upper  end  of  this  stretch  the  river  issues  from  the  eastern  ranges 
of  the  Andes  below  the  slopes  of  Cerro  RepoUo,  and  the  next  25 
kilometers  of  its  upper  course  is  in  a  deep  canyon  in  which  the 
course  of  the  river  is  toward  the  northeast  At  the  head  of  the 
canyon  two  valleys  open — one  from  the  west,  the  other  from  the 
north.    The  western  valley  carries  the  Rio  Filohuahuen,  together 
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with  a  chain  of  lakes  of  which  the  largest  is  Lago  Falkner  and  the 
uppermost  Lago  Villarino.  The  latter  lies  at  the  foot  of  the  west- 
em  chain  of  the  Andes.  The  northern  valley  is  occupied  by  the 
Rio  Meliquina,  which  flows  through  a  lake  of  the  same  name  and 
is  the  outlet  of  Lago  Hermoso.  The  northern  fork  of  the  Rio 
Meliquina  heads  in  the  Paso  Pilpil,  which  leads  across  to  Lago 
Lacar.  The  Rio  Meliquina  and  the  Rio  Filohuahuen,  with  the 
lakes  and  streams  tributary  to  them,  constitute  the  headwaters 
of  the  Caleufu  within  the  Andes  and  drain  the  mountainous 
area  which  lies  between  Lago  Lacar  and  Lago  Traful.  The 
area  of  the  basin  thus  drained,  including  the  moimtains  north 
and  south  of  the  canyon  of  the  Caleufu,  is  about  1,300  square 
kilometers.  Its  boimdaries  are,  on  the  west,  the  smnmit  of  the 
Cordillera;  on  the  north,  the  high  divide  which  extends  eastward 
from  that  smnmit  to  Cerro  Chapelco  and  the  Meseta  Alta;  and 
on  the  south,  the  divide  between  Lago  Falkner  and  Lago  Traful, 
which  continues  eastward  between  the  Caleufu  and  the  Traful. 

This  region  is  exceedingly  moimtainous  and  is  distinguished 
by  the  high,  broad  plateaus  of  the  Meseta  Alta  and  Cerro  Espe- 
leta,  which  have  been  biiilt  up  by  lava  flows  that  antedated  the 
cutting  of  the  present  valleys.  The  tableland  of  the  Meseta 
Alta,  including  Cerro  Azul,  Cerro  Chapelco,  and  Piedra  de  San 
Francisco,  is  in  the  extreme  eastern  part  of  the  Cordillera,  and 
only  a  small  portion  of  it  is  drained  by  the  Meliquina.  The 
mesa  of  Cerro  Espeleta  is  entirely  surroimded  by  the  deep  val- 
leys of  the  Meliquina  and  Filohuahuen.  The  volcanic  cones  of 
the  tablelands  rise  above  2,200  meters.  Cerro  Azul  (2,460 
meters)  and  Cerro  Chapelco  (2,433  meters)  are  the  highest 
peaks  in  the  neighborhood,  with  the  exception  of  the  great  vol- 
cano Lanin. 

A  divide  between  the  Rio  Meliquina  and  the  tributaries  of 
Lago  Lacar  leaves  the  tableland  of  Cerro  Chapelco  north  of  the 
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Piedra  de  San  Francisco  and,  trending  westward,  traverses  the 
heights  of  Cerro  Dos  Condores,  Tres  Dientes,  and  Cerro  Qivlis 
to  a  lower  ridge  north  of  Lago  Hermoso,  whence  it  rises  to  a  spur 
of  the  main  range  of  the  Cordillera. 

A  southern  divide  between  Lago  Falkner  and  Lago  Traful 
leaves  the  main  range  of  the  Cordillera  between  Cerro  Pefiascoso 
and  Cerro  Cresco  and  descends  to  the  low  pass  of  Lago  Escon- 
dido,  south  of  Lago  Villarino.  Thence  it  rises  to  the  range  of 
Cerro  Falkner  (2,253  nieters)  and  extends  eastward  over  a  table- 
land of  old  lava  flows  to  another  low  pass  between  the  Caleufu 
and  the  Rio  Traful,  where  it  is  crossed  by  the  main  trail  from 
San  Martin  to  Lago  Nahud  HuapL  Lying  deeply  svmk  among 
high  mountain  ranges,  the  valleys  of  this  basin  receive  many 
torrential  tributaries  that  descend  rapidly  from  the  great  heights 
and  carry  with  them  quantities  of  coarse  gravel,  which  th^ 
deposit  where  they  issue  upon  the  valley  plains.  Thus  the 
plains  are  in  many  places  interrupted  by  alluvial  cones  of  this 
coarse  material,  and  their  value  as  agricultmral  lands  is  thereby 
diminished.  Exceptions  to  this  general  condition  are  found  in 
the  plains  about  the  east  end  of  Lago  Filohuahuen,  about  both 
ends  of  Lago  Meliquina,  and  in  the  Valle  Hermoso,  which  lies 
between  Lago  Hermoso  and  Lago  Falkner.  Li  each  of  these 
localities  there  is  a  plain  built  up  of  glacial  deposits  and  covered 
with  fine  soil  to  a  greater  or  less  depth*  These  areas  and  some 
minor  ones,  such  as  the  swamps  in  the  Paso  Pilpil  or  the  flats 
at  the  head  of  Lago  Hermoso,  constitute  the  small  areas  of  land 
that  are  capable  of  cultivation,  the  character  depending  on  the 
local  conditions  of  rainfall  and  temperature. 

The  slopes  of  the  Meseta  Alta  and  of  the  tableland  of  Cerro 
Espdeta  are  in  greater  part  without  extensive  forests  and  are 
largely  overgrown  with  grass  or  shrubs.  Li  the  eastern  part  of 
the  area  the  rainfall  is  inadequate  to  support  a  heavy  growth  of 
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trees;  but  in  the  central  zone,  in  the  Valle  Hermoso  and  its 
extension  northward  toward  the  Paso  Pilpil,  the  brush  that  now 
covers  the  lower  hillsides  has  grown  up  after  the  destruction 
of  the  original  forest  by  fire.  Even  in  the  east  patches  of  forest 
composed  chiefly  of  lenga  grow  in  the  sheltered  ravines  at  the 
heads  of  the  many  tributaries  to  the  Rio  Meliquina,  and  over 
all  the  western  part  of  the  basin  there  is  a  very  dense  growth  of 
the  heavy  forest  of  the  main  Cordillera. 

The  lakes  of  this  basin  are  relatively  small  bodies  of  water  as 
compared  even  with  the  smaller  of  those  lying  to  the  north  and 
south.  The  largest  is  not  more  than  one-third  of  the  length  of 
Lago  Lacar,  which  is  one  of  the  smaller  lakes  of  the  north. 

Lago  Meliquina  lies  among  the  outer  ranges  of  the  eastern 
Cordillera,  in  an  open  basin  to  which  several  large  valleys  are 
tributary.  The  Rio  Meliquina  enters  at  the  northwest  end  and 
leaves  it  at  the  southeast  end.  Another  considerable  stream 
heads  in  Cerro  Chapelco  and  joins  the  lake  near  the  Rio  Meli- 
quina. At  the  lower  end  of  the  lake  there  are  two  little  moim- 
tain  valleys,  one  of  which,  that  of  the  Arroyo  de  la  Gruta,  is  so 
named  from  a  wind-sculptured  grotto  that  may  be  seen,  even 
from  the  lake,  high  in  the  ridges  of  Cerro  RepoUo.  Two  cur- 
iously shaped  rocks  stand  out  against  the  sky  and  suggest  the 
figures  of  an  enormous  bird  and  its  young,  their  beaks  just  touch- 
ing, as  if  the  little  birds  were  being  fed.  The  shores  of  Lago 
Meliquina  are  of  moderate  slope,  except  on  the  northeast  side, 
where  ^lurs  of  the  Meseta  Alta  form  abrupt  cliffs.  A  belt  of 
handsome  coihu6  and  cipr6s  stretches  along  the  water's  edge  and 
sets  off  the  plain  about  the  north  end,  giving  to  the  lake,  in  con- 
trast to  the  rocky  heights  that  rise  above  it,  a  charming  effect 
of  rich  vegetation  and  beauty. 

In  following  up  the  Rio  Meliquina  from  the  lake  the  trav- 
eler enters  a  group  of  low,  irr^ular  hills,  in  which  the  river  and 
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PLATE  XV. 


B 

View  of  Lago  Meliquina.    Looking  northeast  toward  Cerro  Mesa,  a  nirt  of  the  volcano  center  of  Cerro  Azul  and  Cerro 

Chapelco,  whose  horizontal  lava  flows  are  probably  of  Pliocene  or  early  Pleistocene  age. 
Arroyo  Partido  in  Paso  Pilpil  south  of  San  Martfn  de  los  Andes.    This  stream  issues  from  a  ravine  in  the  mountains  behind 

the  horse  and.  dividing  about  his  feet,  flows  in  two  branches,  one  of  which  is  tributary  to  the  Atlantic  and  the  other  to  the 

Pacific.    The  horse,  therefore,  stands  on  the  continental  divide. 
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its  northern  tributary,  the  Arroyo  Culebra,  run  through  canyons 
and  leap  over  cascades.  Above  the  gorge  on  the  Rio  Meliquina 
is  a  gras^  meadow  which  leads  to  Lago  Machonico,  a  small  lake 
that  lies  in  the  extension  of  the  Valle  Hermoso.  Above  Macho- 
nico  the  Rio  Meliquina  flows  out  from  Lago  Hermoso,  which  may 
be  considered  its  source. 

Lago  Hermoso  trends  east  and  west  in  the  Cordillera.  It  is 
about  8  kilometers  long  and  has  a  northeastem  arm  which  is  5 
kilometers  long.  It  fills  a  portion  of  a  deep  valley  that  extends 
far  into  the  Cordillera  and  heads  in  amphitheaters  in  the  main 
range.  The  lake  owes  its  name,  it  may  be  supposed,  to  the 
beauty  of  the  forests  which  still  surround  it  and  the  charm  of  the 
distant  views  of  the  high  ranges  west  of  it.  It  is  so  far  off  the 
route  of  travel  that  it  is  even  yet  but  little  visited,  and  the  val- 
leys  about  its  head  are  unoccupied. 

A  feature  of  peculiar  interest  in  this  remote  moimtain  dis- 
trict is  the  deep  and  broad  valley  known  as  the  Valle  Hermoso, 
which  stretches  northeast  and  southwest  across  the  general  trend 
of  the  ridges  and  is  part  of  a  depression  that  extends  northeast- 
waixl  across  the  Paso  Pilpil  to  the  V^a  de  Maipii,  east  of  Lago 
Lacar,  and  is  also  continued  toward  the  southwest  in  the  Paso 
Escondido  and  the  upper  valley  of  the  Rio  Traful.  This  depres- 
sion affords  a  convenient  line  of  location  for  the  railroad  to  con- 
nect San  Martin  and  Lago  Nahuel  Huapf,  and  the  Valle  Her- 
moso will  become  a  center  of  population  on  that  road.  The 
southwest  end  of  the  valley  overlooks  Lago  Falkner,  and  the 
distance  to  what  may  be  considered  its  northeastem  limit,  in 
the  meadows  beyond  Lago  Machonico,  is  about  20  kilometers. 
The  valley  floor,  which  has  a  general  width  of  about  i  kilometer, 
is  flat  and  is  now  swampy,  the  drainage  being  impeded  by  a 
dense  growth  of  v^etation.  It  has,  however,  sufficient  slope, 
both  toward  Lago  Falkner  and  toward  Lago  Machonico,  to  be 
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readily  drained.  The  lands  will  then  become  suitable  for  agri- 
culture and  winter  pasture.  The  southwestern  half  of  the  val- 
ley is  occupied  by  the  waters  of  two  mountain  streams  which 
descend  from  the  ranges  on  either  side  and,  joining,  flow  throtigh 
it  to  Lago  Falkner.  Near  the  lower  end  the  waters  fall  in  a  cas- 
cade (loo  meters)  to  the  gravel  plain  above  the  lake.  The 
northeastem  part  of  the  valley  is  occupied  by  the  Rio  Meliquina, 
which  enters  it  from  Lago  Hermoso,  and  by  Lago  Machonico, 
beyond  which  it  is  inclosed  by  the  rocky  hills  that  Ue  between 
Machonico  and  the  Paso  Pilpil.  The  general  elevation  of  the 
valley  is  1,075  naeters. 

The  Paso  Pilpil  is  a  narrow  part  of  the  extension  of  the  Valle 
Hermoso,  between  heights  of  the  Piedra  de  San  Francisco  and 
the  Cerro  Dos  Condores.  It  is  a  flat  meadow  which,  although 
high,  is  swampy  and  is  grown  up  with  the  grasses  characteristic 
of  the  wet  moimtain  pastures.  It  Ues  on  the  continental  divide, 
since  the  waters  south  of  it  flow  to  the  Atlantic,  while  those  from 
Lago  Lacar,  on  the  north,  flow  to  the  Pacific;  and  we  encounter 
here  the  ciuious  phenomenon  of  a  stream  which,  descending  from 
the  adjacent  moimtain  slope,  divides  where  it  enters  the  valley 
of  the  pass,  and  its  waters,  flowing  both  northward  and  south- 
ward, discharge  into  oceans  on  opposite  sides  of  the  continent 

At  the  present  time  settlement  in  this  r^on  is  limited  to 
an  estanda  at  the  north  end  of  Lago  Meliquina,  which  is  part  of 
a  property  that  covers  the  valleys  of  the  Rio  Meliquina  and  its 
tributaries.  Huts  of  the  herders  are  located  along  the  valley 
from  the  Rio  Caleufu  up  the  Meliquina  to  the  Paso  Pilpil  and 
Lago  Hermoso.  The  herds  range  in  the  stunmer  high  up  on  the 
mountain  slopes  and  in  the  winter  are  brought  down  to  the 
plains  about  Lago  Meliquina. 

The  most  direct  bridle  path  between  San  Martin  de  los  Andes 
and  Nahud  Huapf  crosses  the  Paso  Pilpil,  descends  to  Lago 
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Meliquina,  and  follows  down  the  Rio  Meliquina  to  the  Caleufu, 
whence  it  crosses  the  divide  to  Lago  Traful.  It  is  a  rugged 
mountain  trail  which  is  sometimes  difficult  on  account  of  high 
water  in  the  fords  of  the  Meliquina  and  of  the  deep  swamps  in 
the  Paso  Pilpil.  This  is,  however,  the  path  upon  which  com- 
munication with  the  district  depends.  The  conditions  will  be 
changed  when  the  route  through  the  Valle  Hermoso  shall  be 
established  as  an  automobile  road  and  railroad  line.  That  route 
has  been  surveyed  from  Lago  Villarino  to  the  Vega  de  Maipti 
and  San  Martin  and  is  destined  to  become  an  important  link 
in  the  futiure  development  of  communication  for  tourist  travel 
and  also  probably  for  freight  traffic  north  and  south  within  the 
Cordillera. 

The  Rio  Filohuahuen  is  the  outlet  of  a  chain  of  five  lakes, 
of  which  the  upper  two,  Lago  Falkner  and  Lago  Villarino,  are 
of  considerable  size,  and  the  lower  three,  Lago  Filohuahuen,  Lago 
Nuevo,  and  a  lakelet  without  name,  are  little  more  than  expan- 
sions of  the  river.  Lago  Filohuahuen  lies  in  the  gravel  plains 
of  the  lower  valley  near  the  jimction  with  the  valley  of  the  Meli- 
quina, at  the  head  of  the  Rio  Caleufu.  Like  the  two  which  suc- 
ceed it  up  the  valley,  it  is  a  small  lakelet  and  possesses  no  special 
feature  of  interest.  Above  Lago  Nuevo,  the  uppermost  of  the 
three  lower  lakes,  the  valley  narrows  in  between  the  high  Cerro 
Falkner  (2,353  meters),  on  the  southwest,  and  the  Cerro  del 
Buque  (2,045  meters),  on  the  northeast.  Between  these  heights, 
at  an  altitude  of  925  meters,  lies  Lago  Falkner,  a  long,  winding, 
fiord-like  lake.  Cerro  Falkner  is  exceedingly  precipitous,  except 
that  its  lower  slopes  are  covered  with  forests  that  extend  up  the 
mountain  clefts  between  the  precipices.  The  Cerro  del  Buque 
is  covered  with  heavy  forest  up  to  the  timber  line,  above  which 
alpine  pastures  are  interspersed  among  the  rocky  summits.  The 
shores  of  the  lake  are  too  precipitous  to  permit  ready  passage. 
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and  the  upper  end  is  not  now  accessible  from  the  outlet  With 
the  development  of  tourist  travel  a  steamer  will  ply  on  Lago 
Falkner  between  Valle  Hermoso  and  the  lower  valley  of  Rio 
Filohuahuen,  giving  outlet  to  the  east  down  the  canyon  of  the 
Caleufu. 

Above  Lago  Falkner  is  ViUarino,  one  of  the  most  retired  and 
least  known  of  the  Cordilleran  lakes.  Its  shores  are  heavily 
wooded  throughout  and  dense  forests  extend  from  it  up  the  val- 
ley of  the  Rio  Caj6n  N^;ro  to  the  crest  of  the  Andes.  At  the 
head  of  this  stream  is  the  pass  of  the  Caj6n  N^ro,  which  is  like 
a  deep  cut  in  the  main  range  of  the  Andes.  Its  altitude  is  1,356 
meters  above  the  sea,  and  immediately  south  of  it  the  granite 
crags  of  Cerro  Pefiascoso  attain  an  altitude  of  2,017  meters. 
This  pass  was  first  visited  about  1900,  in  the  course  of  siurveys  to 
determine  the  boundary  between  Chile  and  Argentina,  by  the 
Chilean  engineer  Enrique  D511,  who  there  placed  the  boimdary 
monument  on  the  divide  of  the  waters  in  the  crest  of  the  Cor- 
dillera, and  it  was  not  revisited  until  1912,  when,  at  the  sugges- 
tion of  Sefior  DoU,  it  was  siurveyed  as  the  most  practicable  pass 
for  the  international  railroad  in  this  portion  of  the  range.  There 
is  nothing  in  the  ai^>ect  of  the  main  range  of  the  Andes  in  this 
vicinity  to  suggest  the  existence  of  so  low  a  pass.  All  the  great 
peaks  in  the  neighborhood  rise  to  2,000  meters  or  more,  and  they 
present  exceedingly  bold,  precipitous  faces,  yet  the  ascent  from 
Lago  Villarino  to  the  deep  gap  of  the  Caj6n  N^;ro  presents  no 
difficulties  whatever,  and  the  upper  valley  of  the  Rupiuneica, 
on  the  Chilean  side,  is  flat  and  covered  with  forest  as  seen  from 
the  pass.  Lower  down  the  Rupumeica  no  doubt  enters  a  canyon, 
as  its  fall  to  Lago  Ranco  is  more  than  1,000  meters,  and  the  dis- 
tance from  the  pass  to  the  lake  in  a  direct  line  is  about  50  kilo- 
meters. The  Rupumeica  valley  has  not  been  surveyed  and  the 
route  of  the  railroad  line  to  descend  from  the  pass  of  the  Caj6n 


Digitized  by 


Google 


PLATE  XVI. 


A.  Lago  Falkner  in  the  foreground  and  Lago  Villarino  in  the  distance.    Looking  southwest  toward  the  boundary  range  of  the 

Andes  between  Argentina  and  Chile. 

B.  Lago  Filohuahuen  and  the  boundary  range  of  the  Andes. 
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N^ro  and  Lago  Ranco  remains  to  be  traced  by  the  Chilean 
engineers. 

The  district  of  the  headwaters  of  the  Caleufu  is  adapted  to 
future  occupation  for  grazing  and  forestry,  together  with  agri- 
culture as  an  auxiliary  to  the  grazing  interest.  The  Valle  Her- 
moso  and  the  plains  about  Lago  Meliquina  will  be  the  homes  of 
the  moimtaineers  who  will  occupy  themselves  with  the  care  of 
the  herds  and  the  exploitation  of  the  forests.  The  lands  are 
suitable  for  the  growth  of  hay  but,  being  subject  to  frosts  even 
during  the  summer,  could  probably  not  be  used  for  the  cultiva- 
tion of  more  tender  crops.  The  winter  grazing  is  restricted  to 
the  lower  valleys  because  of  the  high  altitude  of  the  r^on  in 
general  and  the  proximity  of  the  snow-covered  moimtains. 
The  summer  ranges  lie  on  the  heights  of  the  Meseta  Alta  and 
Cerro  Espdeta  and  also  in  the  forests  around  the  headwaters 
of  Lago  Hermoso. 

The  exploitation  of  the  forests  will  be  facilitated  by  the  con- 
struction of  the  road  through  the  Paso  Pilpil  and  Valle  Hermosoi 
which  will  make  them  easQy  accessible  from  San  Martin.  In 
cutting  timber  care  should  be  taken  to  perpetuate  the  forest 
cover  on  the  dopes  by  promoting  the  growth  of  yoimg  trees,  as 
the  volume  of  the  Rio  Caleufu  is  supplied  chiefly  from  the  moun- 
tains in  the  zone  of  heavy  rainfall,  where  the  forests  flourish, 
and  the  r^;ulation  of  the  Caleufu  as  a  tributary  of  the  Limay 
will  influence  the  prosperity  of  the  communities  dependent  upon 
the  irrigation  along  the  Limay  and  the  Rio  N^;ro. 

The  southwestern  portion  of  this  drainage  basin,  comprising 
Lago  Villarino,  Lago  Falkner,  and  the  mountains  immediately 
northeast  of  them,  lies  within  the  proposed  national  park.  The 
head  of  Lago  Falkner,  where  it  opens  into  the  Valle  Hermoso, 
is  one  of  the  gateways  of  the  park,  where  the  tourist  route  from 
San  Martin  will  enter,  and  it  will  become  an  important  hotel 
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center,  having  outlets  in  four  directions,  as  it  is  at  the  crossing 
of  the  routes  from  east  to  west  and  north  to  south. 

Drainage  Basin  of  Rio  Traful 

The  drainage  basin  of  the  Rio  Traful  is  little  more  than  a 
canyon  from  its  head  in  Cerro  Crespo,  on  the  main  divide  of  the 
Andes,  to  the  point  where  the  river  joins  the  Rio  Limay,  some  50 
kilometers  below  the  outlet  of  Lago  Nahud  Huapf.  Nearly 
one-half  of  the  valley  is  occupied  by  Lago  Traful,  a  very  deep 
and  narrow  body  of  water  completely  inclosed  by  high  ranges 
except  at  the  east  end,  where  the  river  leaves  it. 

The  river  heads  in  a  niunber  of  mountain  brooks  on  the  slopes 
of  the  Cerro  Crespo,  the  Cerro  de  la  Mora,  and  the  Cerro  de 
Boscoso.  Immediately  beneath  these  forest-covered  spiurs  the 
valley  is  a  little  gravel  plain,  but  within  a  short  distance  it  nar- 
rows to  a  rocky  canyon  which  again,  some  10  kilometers  above 
the  head  of  the  lake,  widens  into  meadows  covered  with  deep 
grass  and  bamboo.  From  the  north  it  receives  a  tributary, 
the  outlet  of  Lago  Escondido,  by  which  a  low  pass  leads  to  Lago 
Villarino.  Lago  Traful  has  two  arms,  a  long  one,  which  is  its 
principal  upper  section,  and  a  much  shorter  one  on  the  west. 
The  longer,  northern  arm,  lies  immediately  below  the  cliffs  of 
Cerro  Falkner  on  the  east  and  the  equally  precipitous  slopes  of 
the  Sierra  Lista.  Near  the  junction  of  the  two  arms  Cerro 
Mocho  towers  high  above  the  main  body  of  the  lake,  and  thence 
eastward  the  height  is  maintained  by  a  succession  of  simmiits 
ending  at  Cerro  FaraUones.  The  summits  break  off  toward  the 
lake  in  precipices  of  1,000  meters  or  more,  and  the  ravines  of  the 
Uttle  streams  are  sxmk  in  the  obscurity  of  dark  overshadowing 
cliffs.  From  above  one  looks  down  upon  a  maze  (A  rock-walled 
gorges,  and  the  dark-green  lakelet  lies  hidden  among  the  preci- 
pices north  of  the  east  end  of  the  main  lake.    There  is  no  wilder 
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Logo  'Oillarino  and  the  boundary  range  of  the  Andes,  Ijooking  west  over 
the  lake  to  Cerro  Penascoso  and  the  pass  of  the  Caj6n  Negro,  h\f  which  the 
transcontinental  line  may  cross  the  Cordillera  to  Chile. 


Logo  X)illarino  and  the  *Oalle  Hermoso.  Looking  northeast  across  the  lake 
to  the  valley.  The  trees  in  the  foreground  are  examples  of  the  coihue 
(Nothofagus  dombe\f{)  or  Andean  beech. 
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scenery  in  this  section  of  the  Andes  than  that  of  this  northern 
shore  of  Lago  Traful. 

The  heights  south  of  Lago  Traful  are  equal  to  those  of  the 
northern  range,  but  the  slopes  are  not  as  precipitous.  The  dark 
forest  covers  them  up  to  tree  line,  above  which  are  long  spurs 
of  bare  rock  or  of  pumice-covered  ridges,  culminating  in  Cuyin 
Manzano,  the  highest  peak  in  the  divide  between  Lago  Traful 
and  Lago  Nahud  Huapf.  This  range  is  very  difficult  to  cross, 
but  a  low  valley  extends  around  its  north  end  and  commtmica- 
tion  is  easy  between  the  head  of  Lago  Trafxd  and  Lago  Corren- 
toso,  a  tributary  of  Nahud  HuapL 

At  the  east  end  of  Lago  Traful  is  a  broad  gravd  plain  covered 
with  a  growth  of  isolated  dprfe  trees  and  bimch  grass.  Here 
there  is  a  small  area  of  valley  meadows  suitable  for  agriculture, 
which  extends  some  5  kilometers  down  the  river.  Bdow  these 
meadows  the  slopes  encroach  upon  the  valley,  which  becomes  a 
canyon,  and  the  river  falls  rapidly  to  the  Limay.  From  the 
north  it  recdves  a  tributary,  the  Arroyo  C6rdova,  which  is  fol- 
lowed by  the  trail  leading  to  the  Rio  Caleufu,  north  of  the  divide. 
From  the  south  the  Traful  recdves  the  waters  of  the  Arroyo 
Cuyin  Manzano,  which  heads  upon  the  mountain  height  of  the 
same  name. 

The  drainage  basin  of  the  Traful  is,  with  the  exception  of  the 
little  area  about  the  east  end  of  the  lake  and  on  the  adjacent 
mountain  slopes,  too  predpitous  and  inaccessible  to  be  of  value 
even  for  grazing.  The  title  to  lands  along  the  river,  from  the 
outlet  of  the  lake  to  the  Rio  Limay,  passed  into  private  hands 
some  years  ago,  and  a  well-managed  estanda  has  been  estab- 
lished at  the  outlet  of  the  lake.  A  trail  extends  along  the  south- 
em  shore  as  far  as  the  west  end  of  the  short  arm,  but  the  upper 
end  of  the  lake  has  remained  too  inaccesdble  to  be  reached 
except  by  boat    Even  from  the  utilitarian  point  of  view  this 
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basin  has  but  one  resource  which  may  profitably  be  exploited — 
the  majestic  scenery  of  its  precipitous  peaks  and  their  forest-clad 
slopes,  rising  directly  from  the  shores  of  the  dark-green  waters. 
The  entire  basin  lies  within  the  proposed  national  park. 
Commimication  will  be  established  by  a  steamer  plying  on  the 
lake  between  the  road  that  will  pass  through  the  upper  valley 
by  Lago  Escondido  and  the  lower  canyon  of  the  Rio  Traf ul.  A 
road  down  the  canyon  to  the  Limay  will  connect  with  one  along 
that  river  and  thus  give  access  to  the  lake  from  Nahud  Huapf 
or  from  Neuqufei.  As  will  be  set  forth  in  a  description  of  the 
national  park,  the  Traful  is,  next  to  Lago  Nahud  Huapf,  one  of 
the  prindpal  features  of  that  reservation. 

Drainage  Basin  of  Lago  Nahud  Huapi 

The  Andean  lake  region,  both  of  Chile  and  Argentina,  is 
one  of  the  most  remarkable  in  the  world,  whether  we  consider 
its  extent,  the  niunber  of  its  lakes,  or  the  beauty  of  its  scenery. 
The  lakes  on  the  west  side  of  the  Cordillera  lie  chiefly  in  the  great 
valley  of  Chile,  in  a  region  of  low,  heavily  wooded  hills,  and 
south  of  latitude  41^  they  are  represented  by  the  canals  and 
fiords  of  the  southern  coast.  On  the  eastern  slope  the  Andean 
lakes  occur  in  almost  every  valley  from  latitude  38®  to  latitude 
52®,  a  distance  of  1,000  miles.  There  are  several  score  which 
compare  with  the  well-known  lakes  of  Swit25erland,  and  several 
himdred  which  would  be  notable  were  they  situated  in  England, 
Scotland,  or  the  United  States,  but  in  this  moimtain  r^on  of 
iimumerable  lakes  they  are  imnamed  and  imcoimted.  Of  the 
greater  lakes  there  are  several  which  are  among  the  largest  of 
their  kind,  such  as  Lago  Buenos  Aires,  Lago  Viedma,  and  Lago 
San  Martin. 

Lago  Nahud  Huapf,  although  not  one  of  the  largest  of  the 
Andean  lakes,  is  as  long  as  Lake  Geneva,  but  in  form  it  more 
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nearly  resembles  the  wide-branching  Lake  Lucerne.  Nowhere 
are  its  shores  for  any  distance  so  low  or  habitable  as  the  northern 
shore  of  Lac  Leman  from  Geneva  to  Montrenx;  nor  is  the  ex- 
panse of  waters  so  wide  as  that  seen  in  the  view  from  the  hills 
above  Lausanne.  Only  the  east  end  of  Nahud  Huapf  lies  wide 
open  to  the  sun.  The  farther  reaches  6f  the  lake  and  its  spread- 
ing arms  sink  deep  into  the  Cordillera;  branching  about  islands 
or  beyond  promontories,  they  penetrate  among  the  highest 
ranges.  Neither  the  magnitude  nor  the  beauty  of  the  lake  can 
be  grasped  in  the  view  from  any  one  point  One  must  explore 
in  launch  or  sailboat,  sail  in  and  out  past  woods  and  precipices, 
follow  the  dark-green  waters  around  sharp  turns  into  hidden 
bays,  and  linger  there  in  the  heart  of  nature's  solitudes.  The 
open  lake  is  swept  by  fierce  winds.  The  laimch  must  be  strong 
or  the  sailboat  large  and  sturdy.  Yet  along  the  lake  shores 
there  are  amphitheaters  where  the  waters  lie  so  deep  beneath 
the  high  mountains  that  the  calm  of  the  mirror  that  reflects 
the  overhanging  trees  is  rarely  broken.  From  such  retreats  the 
traveler  may  ascend  through  the  jimgles  of  graceful  bamboo  in 
the  deep  shade  of  the  beech  forest  to  the  alpine  meadows  above 
tree  line,  or  to  the  perpetual  snows  and  glaciers  of  Mount 
Tronador. 

The  modem  history  of  Lago  Nahud  Huapf  goes  back  no  more 
than  thirty-five  years.  One  may  still  meet  among  the  settlers 
around  its  shores  pioneers  who  went  there  when  the  Indians  were 
in  full  control  of  the  r^on  and  but  few  white  men  cared  to 
venture  their  lives  among  them.  The  explorer  Moreno,  who 
reached  the  lake  in  1879  and  in  the  enthxisiasm  of  youth  concdved 
a  vision  of  its  future  as  a  part  of  his  coimtry,  Argentina,  is  yet 
active  in  the  affairs  of  the  nation.  But  there  is  an  andent  his- 
tory of  Lago  Nahud  Huapf,  which  may  be  traced  back  to  the 
early  days  of  the  conquest  of  Chile,  three  hundred  and  fifty  years 
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ago,  and  long  before  Valdivia  came  down  from  Peru  the  region 
had  been  the  residence  of  populous  Indian  tribes. 

In  the  latter  part  of  the  sixteenth  century  the  Spanish  o^ 
tains  and  the  Jesuits  had  achieved  the  material  and  spiritual 
conquest  of  the  island  of  Chilo6y  the  great  island  off  the  southern 
coast  of  Chile,  which  was  inhabited  by  Indians  less  brave,  less 
resisting  than  the  Araucanans  of  the  mainland,  and  there  upon 
the  island  the  conquerors  established  themselves  securely.  From 
scattered  fragments  of  Jesuit  archives  we  learn  that  the  cap- 
tains made  expeditions  to  enslave  the  Indian  tribes,  while  the 
missionaries  preached  and  practiced  among  the  Indians  the 
virtues  of  Christianity.  If  the  one  arm  of  the  conqueror  cruelly 
spread  suffering  and  distress,  the  other  endeavored  to  teach  sub- 
mission to  bear  them.  Even  in  the  old  archives  one  may  read 
some  suggestion  of  the  futility  of  the  lesson. 

Although  Lago  Nahud  Huap!  lay  beyond  the  Cordillera  some 
days^  journey  from  the  fortified  camps  of  Chilo6,  the  Indians 
living  on  its  shores  were  not  beyond  the  reach  of  the  indomitable 
marauders,  who  traversed  the  mountains  by  a  path,  which  has 
since  become  known  as  the  lost  road  of  Viuiloche,  and  carried 
the  Indians  of  the  Pampas  captive  to  the  coast.  The  missionaries 
accompanied  these  armed  expe^iitions  or  went  alone  among  the 
natives,  for  the  unarmed  friar  was  even  braver  than  the  Spanish 
soldier,  and  a  mission  was  established  on  Lago  Nahud  Huapi, 
which  was  destroyed  in  1655.  It  was  reestablished,  however, 
by  Father  Mascardi,  but  did  not  long  survive.  He  and  two 
other  Jesuit  fathers  of  note  sacrificed  their  lives  to  its  service, 
the  third  being  Padre  Guillelmo,  whose  sudden  death  in  17 16 
was  attributed  to  poisoning  by  Manqueunai,  an  Indian  chief. 
The  mission  survived  him  only  a  year  and  a  half.  During  the 
previous  century  the  old  road  of  Viuiloche,  neglected  by  the 
Spaniards  and  abandoned  by  the  Indians,  had  been  lost  in  the 
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A.  High  range  north  of  the  east  en  J  of  Lago  Tra/ul,  showing  the  plateau  sunt' 
mits  formed  of  Pliocene  or  early  Pleistocene  lavas*  Elevation  2,000 
meters  above  sea.    Looking  northwest. 


B.  ^ew  looking  northward  from  the  divide  between  the  Rio  Traful  and  the  Rio 
Caletrfu,  Showing  the  sculpturing  of  volcanic  tuffs  and  Cerro  Chapelco  in 
the  distance. 
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wilderness,  and  in  Guillelmo's  day  it  was  remembered  only  by  one 
of  the  old  Spanish  soldiers,  a  very  aged  man.  In  its  place  the 
fathers  used  the  route  that  is  now  traveled,  crossing  the  danger- 
Otis  lakes  on  the  Paso  de  P6rez  Rosales  in  frail  canoes.  Guillelmo 
persistently  sought  to  rediscover  the  old  road  of  Vuriloche  and 
finally  succeeded  in  reopening  it  in  1712.  It  was  perhaps  because 
the  Indians  feared  that  the  Spanish  soldiers  would  retiun  and 
attack  them  as  they  had  their  grandfathers,  and  also  because 
they  coveted  the  herds  of  cattle  which  the  mission  owned,  that 
they  soon  afterward  destroyed  it. 

The  site  of  the  old  mission  was  identified  by  Moreno  as  hav- 
ing been  on  the  Peninsula  San  Pedro,  and  the  Indian  settlements 
were  apparently  distributed  along  the  southern  shore  of  the 
lake  eastward  past  the  present  village  of  Bariloche  to  the  valley 
of  the  Rio  Ninhuau.  It  is  said  that  the  chief  Manqueimai  who 
lived  on  the  Ninhuau  sent  for  the  assistant  of  the  father  in 
charge  of  the  mission,  on  the  morning  when  its  fate  had  been 
determined,  in  order  that  the  two,  being  separated,  might  be 
easily  dispatched.  In  the  woods  and  meadows  along  the  southern 
shore  of  the  lake,  especially  west  of  Bariloche,  many  Indian  relics 
have  been  f  oimd,  and  there  are  groves  of  the  wild  apple  tree  which 
the  friars  are  believed  to  have  introduced.  Thus  in  entering  here 
we  tread  upon  historic  groimd.  The  conflict  between  the  whites 
and  the  Indians  was  not  yet  ended  when  Moreno  was  at  Lago 
Nahud  Huapf,  at  first  as  the  guest  and  friend  of  the  Indians  and 
later,  through  the  misrepresentations  of  Indian  traders,  as  their 
captive.  Very  near  the  spot  where  GuiUelmo  had  been  killed  163 
years  earlier,  Moreno  was  tied  to  a  tree  to  await  overnight  his 
execution  on  the  following  morning,  but  he  escaped  and  carried 
to  the  frontier  in  the  distant  province  of  Buenos  Aires  word  of 
an  Indian  attack  which  only  a  few  days  later  rolled  in  upon  the 
borders  of  civilization.    That  was  in  1879. 
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In  1884  the  Indians  were  di^>ersed  by  the  force  under  General 
Roca^  and  hardy  adventurers  soon  settled  on  the  frontier  and 
occupied  the  sites  of  the  old  Indian  villages  along  the  shores  of 
the  lake.  There  they  have  remained,  some  acquiring  title,  others 
squatting  on  the  lands,  and  to  the  early  comers  have  been  added 
steady  settlers,  men  of  the  races  that  find  in  the  mountains  and 
forests  of  the  Cordillera  a  congenial  home.  They  are  from 
Switzerland  or  those  Provinces  of  Italy,  France,  and  Germany 
that  lie  round  about  the  Swiss  mountains,  or  from  the  restless 
frontier  folk  of  the  United  States. 

Francisco  Moreno  has  never  lost  the  enthusiasm  with  which 
the  charms  of  Lago  Nahud  Huapf  filled  his  youthful  spirit. 
Cherishing  the  hope  that  the  region  might  become  a  resort  for 
his  people,  a  national  park  in  which  they  would  find  rest,  recrea- 
tion, and  health,  he  in  1903  dedicated  to  that  purpose  some  three 
leguas  of  land  which  were  given  him  by  the  national  govern- 
ment as  a  partial  recompense  for  twenty  years  of  imrequited 
service  in  the  adjustment  of  the  boundary  with  Chile.  The 
nucleus  of  the  national  park  comprises  the  section  of  the  road 
between  Lago  Nahud  Huapf  and  Lago  Llanquihu6  which  covers 
the  P6rez  de  Rosales  pass  and  the  eastern  portion  of  the  range, 
induding  Lago  Frias.  From  time  to  time  isolated  areas  have  been 
set  aside  by  the  government  for  the  purposes  of  the  national 
park,  but  xmtil  recently  public  opinion  was  too  little  interested 
to  justify  the  reservation  of  a  larger  area. 

With  this  retrospect  of  the  past  history  of  Lago  Nahud 
Huapf  we  may  turn  to  the  description  of  the  natural  features 
which  have  successivdy  attracted  to  it  the  attention  of  men  of 
all  races. 

The  basin  of  Lago  Nahud  Huapf  is  a  wide  branching  valley 
which  heads  in  the  main  range  of  the  Cordillera  and,  descending 
past  high  moimtains,  reaches  athwart  the  Andes  to  the  rela- 
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tivdy  lower  lands  that  lie  between  the  Andes  and  the  high 
plateaus  of  western  Rio  N^px>.  The  headwaters  of  the  lake 
are  in  the  zone  of  abundant  rains  and  heavy  snowfall  that  ex- 
tends across  from  the  Chilean  slope.  The  eastern  end  reaches 
into  the  grassy  Pampas,  where  the  moisture  is  no  longer  sufficient 
to  maintain  the  growth  of  trees.  Nearly  all  the  basin  lies  in 
the  forests,  yet,  as  we  have  noted  in  describing  the  climate  of 
Rio  N^ro,  the  passage  from  the  humid  region  to  the  drier  and 
from  wooded  hills  to  grassy  plains  is  clearly  defined. 

The  main  body  of  the  lake  is  a  long  fiord  which  curves  north- 
ward in  the  eastem  lower  part  and  ends  at  its  northeastern  out- 
let nearly  at  right  angles  with  the  general  trend.  At  the  head 
several  valle3rs  converge  and  form  the  arms  which  are  known  as 
£1  Rinc6n,  Ultima  Esperanza,  and  Lago  Correntoso.  The  last 
is  an  independent  lake,  yet  it  is  scarcely  separated  from  Lago 
Nahud  Huapf,  the  barrier  between  the  two  being  but  a  narrow 
strip  of  gravel  and  boulders.  Still  farther  up,  beyond  Ultima 
Esperanza,  but  tributary  to  Lago  Correntoso,  is  the  isolated 
basin  of  Lago  Espejo.  All  of  these — ^Lago  Espejo,  Lago  Corren- 
toso, and  the  valleys  which  lead  into  the  arms  of  Lago  Nahud 
Huapf — are  parts  of  the  meandering  river  system  in  which  the 
great  lake  and  its  tributaries  originated. 

Large  mountain  glaciers  once  occupied  the  valleys  and  have 
greatly  changed  their  aspects.  Following  down  the  lake  from 
Ultima  Esperanza  or  El  Rinc6n  one  passes  precipitous  rocks 
on  which  he  may  see  the  chiseling  left  by  the  slow-flowing  gla- 
cier ice,  as  it  crowded  down  from  the  heights  into  the  narrow 
canyons,  and  could  one  soimd  the  black  waters  that  lie  beneath 
the  cliffs  he  would  find  that  the  rock  basins  had  been  gouged 
deep  bdow  the  old  valley  floors. 

Qearings  and  cabins  are  scattered  all  about  the  lake.  Li 
the  upper  valleys,  above  Ultima  Esperanza  and  El  Rinc6n,  the 
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hardy  frontiersmen  have  made  their  houses  and  their  cattle 
range  in  the  forests,  simmiering  and  wintering  on  the  moimtain 
slopes  in  the  alpine  pastures  or  dense  cane  brakes.  From  the 
northern  shore  below  Lago  Correntoso  juts  a  low  peninsula 
which  incloses  the  bay  of  Puerto  Manzano.  Here  a  German 
settler  has  cleared  the  land  and  established  his  garden  and 
orchards.  The  sheltered  Uttle  harbor  has  become  the  center  of 
traffic  and  of  settlement  foe  that  vicinity. 

In  the  central  section  of  the  lake  Ues  the  Isla  Victoria,  a 
rocky,  picturesque  ridge,  which  is  a  continuation  of  the  penin- 
sula that  incloses  Puerto  Manzano.  The  island  is  lo  kilometers 
long,  its  shores  are  precipitous,  and  the  waters  of  the  narrows 
on  either  side  are  very  deep.  It  is  said  that  a  sotmding 
line  was  lowered  a  thousand  meters  and  then  broke  and  was 
lost;  but  this  statement,  though  made  in  good  faith,  should  be 
verified  before  we  conclude  that  Nahuel  Huapf  is  the  deepest 
lake  of  its  kind. 

The  Isla  Victoria  is  granted  to  Sefior  Tomds  Anchorena  for 
occupation  during  his  lifetime,  and  he  has  established  his  house 
and  a  boat-building  yard  on  a  Uttle  bay,  Puerto  Anchorena, 
which  breaks  the  western  coast  line.  The  forests  and  game  on 
the  island  are  imder  his  protection. 

From  this  central  section  of  Lago  Nahuel  Huapf  diverge  the 
several  arms  that  penetrate  the  moimtains  on  the  north  and  west, 
and  the  main  body  of  the  lower  lake  opens  out  eastward.  The 
Brazo  de  Huemul  extends  southeastward  opposite  the  arm  of 
Puerto  Manzano,  behind  the  high  promontory  known  as  the 
Peninsula  Norte.  The  Brazo  de  Puerto  Blest  reaches  straight 
westward  to  the  foot  of  high  granite  domes  that  are  the  coim- 
terforts  of  the  main  range  of  the  Andes.  The  Brazo  Sud  winds 
southwestward,  past  the  high  precipices  of  El  Centinelo,  to  the 
deeply  hidden  soUtudes  whose  profotmd  obsouity  and  calm  have 
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gained  the  name  of  El  Golf o  de  la  Tristeza.  Thence  the  canyon 
ascends  past  Lago  Frey^  under  the  pinnacles  of  Los  Caciques, 
to  the  sheltered  valley  of  El  Seno  de  la  Trinidad,  beneath  the 
glaciers  of  El  Tronador. 

Eastward  from  Isla  Victoria  opens  the  main  body  of  the 
lower  Lago  Nahuel  Huapf ,  about  which  the  shores  are  of  gentler 
aspect  and  the  land  more  inviting  for  permanent  habitations. 
From  the  southern  shore  jut  the  deeply  indented  peninsulas  of 
Llao  Llao  and  San  Pedro,  siuroimding  the  waters  of  Lago  Mo- 
reno. A  broad  terrace  with  fertile  meadows  and  attractive 
orchards  skirts  the  shore  beneath  the  heights  of  Ottosh5he  to 
Bariloche,  on  the  strand  of  the  lake  between  the  Rio  Niric6  and 
the  ravine  of  a  motmtain  brook.  Here  the  forests  end  and  we 
come  immediately  upon  the  grassy  Pampas,  which  border  the 
eastern  shore  of  the  lake  for  a  distance  of  15  kilometers  to  the 
outlet 

The  waves,  which  dash  like  ocean  surf  upon  this  shore,  break 
on  a  beach  of  pebbles  and  bowlders,  and  the  ridges  which  extend 
from  the  vicinity  of  Bariloche  all  about  the  east  end  of  the  lake 
are  heaps  of  gravel.  The  change  from  the  rocky  shores  of  the 
upper  and  middle  lake  to  the  rolling  hills  of  gravel  covered  with 
grass  and  desert  shrubs  is  very  sudden  and  may  arouse  a  query 
as  to  how  nature  has  worked  to  produce  such  a  contrast  We 
can  tmderstand  the  lake  basin  of  Lago  Nahuel  Huapf  and  its 
environment  only  when  we  realize  that  it  has  been  formed  by 
the  gladers  which  have  now  retreated  to  the  highest  slopes  of 
the  adjoining  moimtains  but  which  formerly  descended  into 
the  canyon  and  fiUed  it  with  ice  to  a  height  of  700  meters  above 
the  present  lake  level  at  Bariloche.  The  ice  ended  in  the  basin 
of  the  lake  and  heaped  about  its  eastern  front  the  great  mass 
of  gravel  and  sand  which  it  transported  from  the  cliffs  of  the 
Sierra  and  dug  out  from  the  bottom  of  the  canyon.    When  it 
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melted  away  the  confused  heaps  of  gravel  were  left  and  became 
overgrown  with  vegetation  suited  to  the  relatively  small  amoimt 
of  rainfall  and  the  dryness  of  the  porous  soil. 

Beyond  the  gravel  ridges  Ue  both  plains  and  hills.  Toward 
the  southeast  opens  the  wide  valley  of  the  Pampas  of  Nahuel 
Huapf ,  an  extensive  plain  siurounded  by  moraines  and  high  hills, 
beyond  which  flows  the  Pichileufu.  Immediately  east  of  the 
lake  is  Cerro  Carmen,  a  dark  craggy  simmiit  of  volcanic  lava, 
which  is  one  of  the  landmarks  of  the  r^on.  Toward  the  north- 
east, between  the  Cerro  Carmen  and  the  outliers  of  the  main 
Cordillera,  is  the  valley  of  the  Limay,  the  outlet  of  the  lake. 
Here  also  a  high  gravel  ridge  confines  the  lake  basin  and  is 
crossed  by  the  river  in  a  short  but  narrow  channel,  which  pres- 
ently widens  into  the  plains  of  the  upper  valley  of  the  Limay. 
There,  in  the  plain  of  gravel  and  fertile  soil,  the  river  meanders 
in  wide  oxbows  for  14  kilometers  from  the  lake  to  a  point  where 
the  valley  is  constricted  and  the  stream  enters  a  canyon.  The 
lower  end  of  the  plain  is  known  as  El  Gran  Rinc6n  and  is  in  truth 
a  "  comer '*  or  pocket  formed  by  another  gravel  ridge  that  dams 
the  once  continuous  valley  and  turns  the  river  aside  into  the 
narrow  channel  through  the  rocks  of  a  low  ridge  between  the 
valley  of  the  Limay  and  the  ravine  of  the  Arroyo  Fragua.  This 
ridge  is  the  terminal  moraine  of  an  older  and  more  extensive 
glacier  than  that  whose  moraine  now  incloses  Lago  Nahuel 
Huapf.  To  it  is  due  the  picturesque  canyon  of  the  Limay  and 
the  opportimity  there  afforded  to  dam  the  river  and  produce  a 
great  water  power  upon  which  the  future  industries  of  the  Nahuel 
Huapf  region  will  depend. 

Returning  from  this  excursion  and  passing  down  the  Limay 
toward  Lago  Nahuel  Huapf,  as  we  approach  the  lake  we  cross 
the  Arroyo  Chacabuco,  a  sparkling  moimtain  brook  which  runs 
from  the  west  across  the  valley  plain  just  outside  the  moraine 
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ridge  and  issues  £rom  between  high  hills  that  form  a  gateway  to 
its  upper  valley.  Beyond  the  gateway  lies  a  broad  fertile  plain, 
one  of  the  most  sheltered  and  beautiful  districts  about  the  lake. 
The  waters  of  the  Giacabuco  gather  from  several  ravines  that 
head  in  the  high  motmtains  to  the  north  and  west  and  in  their 
upper  courses  present  a  great  variety  of  exquisite  scenery  ranging 
from  narrow  gorges  to  moimtain  meadows.  The  plain  stretches 
parallel  to  the  lake  but  is  separated  from  it  by  gravel  ridges  and 
terraces  heaped  by  the  retreating  glacier  that  had  ^read  over 
the  slope.  The  shore  of  Lago  Nahud  Huapf  toward  the  west  is 
a  steep  bluff  20  to  30  meters  high,  covered  with  beech  trees,  and 
the  terraced  gravel  plains  above  the  bluff  are  overgrown  with 
dense  thickets  of  shrubs  and  small  trees  that  fringe  the  great 
forests  of  the  Andes.  The  Arroyo  Castillo  crosses  these  gravel 
terraces,  flowing  south  to  the  lake  from  £1  Paso  Coihu£,  a  pass 
in  the  hills  which  leads  across  to  the  Brazo  Huemul  and  west 
of  which  are  the  wooded  heights  of  the  peninsula  that  lies  between 
the  mam  body  of  the  lake  and  the  northern  arm. 

Thus  we  have  completed  the  preliminary  survey  of  Lago 
Nahud  Huapf,  from  the  valleys  in  the  high  Sierra  in  which  it 
heads  through  the  deep  canyons  of  its  central  course  and  of  the 
long  arms  that  penetrate  to  the  foot  of  Moimt  Tronador  out  to 
the  sunny  plains  and  ridges  of  the  eastem  valleys  into  which  it 
opens.  The  great  sheet  of  water  branching  among  the  ridges  of 
the  Andes  is  a  center  toward  which  many  roads  converge  from 
the  east,  south,  west,  and  north.  The  railroad  from  San  Antonio 
approaches  the  east  end  of  the  lake,  descending  400  meters  from 
the  high  plateaus  and  gravd  ridges  of  the  westem  Pampas.  It  en- 
ters the  valley  of  the  Nirihuau  and  on  the  eastem  shore  branches, 
one  line  running  west  to  Bariloche,  and  the  other  east  to  the  out- 
let and  the  northem  shore  of  the  lake.  The  branch  extending 
westward  along  the  shore  is  built  on  the  plain  just  above  the 
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surf  andy  crossing  the  Rio  Niric6,  ends  in  the  outskirts  of  the 
settlement  of  Bariloche.  From  the  train  the  traveler  may  see 
the  panorama  presented  by  the  wide  expanse  of  white-capped 
waters  and  the  receding  wooded  shores  and  hQls  that  end  in 
snowy  ranges  against  the  westem  sky.  More  often  than  not 
the  clouds  hang  upon  the  siunmits  about  the  Paso  M irador  and 
Paso  Puyehu6,  by  which  the  storms  of  the  Giilean  slope  cross 
the  Cordillera  and  sweep  down  along  the  eastem  valleys,  but  in 
the  summer  they  rarely  reach  the  east  end  of  the  lake,  where 
sunny  days  succeed  one  another  week  after  week. 

Bariloche  is  a  village  of  wooden  houses,  many  of  them  of  the 
picturesque  chalet  style,  built  on  the  lower  and  upper  terraces 
of  the  southern  lake  shore  at  the  foot  of  the  wooded  hill,  Ottos- 
hShe.  The  lower  terrace  affords  width  for  two  street  blocks, 
and  the  distance  along  the  lake  shore  from  the  Niric6  on  the  east 
to  the  moimtain  peak  which  is  the  effective  limit  of  the  village 
on  the  west  is  about  a  kilometer.  The  scarp  that  rises  to  the 
upper  terrace  is  so  steep  that  only  on  a  few  of  the  streets,  which 
run  straight  up  it,  can  a  horse  draw  even  an  empty  wagon.  Before 
the  town  can  become  the  summer  resort  which  it  is  destined  to 
be,  the  arbitrary  plan  of  regular  blocks  must  be  adjusted  to  the 
natural  topography  and  the  streets  laid  out  on  reasonable  grades. 
From  the  upper  terrace  one  looks  southward  toward  the  heights 
of  the  Sierra  de  la  Ventana  and  the  Cerro  Colorado,  which  at- 
tain 2,000  meters  above  the  sea.  They  are  peaks  on  the  conti- 
nental divide,  which  here  skirts  the  southem  shore  of  Lago  Nahuel 
Huapf. 

A  short  distance  farther  west  are  the  pinnacles  of  £1  Catedral, 
a  ridge  whose  gigantic  ^ires,  slenderer  than  the  lightest  gothic 
towers,  at  once  suggest  and  justify  its  name.  Though  even 
higher  than  the  Sierra  de  la  Ventana  (2,410  meters).  El  Catedral 
is  not  connected  with  that  neighboring  range,  there  being  a  deep 
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B 

A.  Boat  buflding  on  Lago  Nahuel  Huapf.    The  wood  used  is  the  local  cipr^,  a  variety  of  cedar. 

B.  North  American  brook  <rout  caught  in  the  tributaries  of  Lago  Nahuel  Huapf.    The  eggs  of  several  varieties  of  North  Amer- 

ican trout  were  planted  in  the  waters  of  Lago  Nahuel  Huapf  in  iqo6.    Tne  fish  have  multiplied  until  they  are  extremely 
numerous,  and  they  have  attained  unusual  size,  many  (rf  them  weighing  six  pounds  or  more. 
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valley  between  the  two;  yet  the  continental  divide  passes  from 
the  one  to  the  other,  descending  into  a  swamp  in  the  valley  where 
the  waters  scarcely  move  as  they  are  divided  to  flow  to  Lago 
Gutierrez  on  the  Atlantic  slope  and  to  Lago  Mascardi  on  the 
Pacific.  Through  this  valley  we  may  leave  Lago  Nahuel  Huapf 
in  order  to  journey  south  down  the  central  valley  of  the  Cordil- 
lera to  the  Paso  Cocham6,  which  leads  to  southern  Giile,  or  on 
to  £1  Bols6n,  the  garden  spot  of  the  Argentine  Andes,  or  to  the 
colony  16  de  Octubre,  where  the  Welsh  settled  thirty  years  ago. 

Moreno,  who  rediscovered  this  pass  in  1879,  was  treading 
in  the  footsteps  of  Father  Guillelmo  and  of  the  still  earli^ 
Spanish  captains  who  attacked  the  Indians  of  Nahuel  Huapf 
by  the  road  of  Vurfloche. 

The  village  of  Banloche  is  situated  near  the  eastern  limit 
of  the  wooded  heights  of  the  Cordillera,  where  they  merge  into 
the  grassy  hills  of  the  Pampas,  at  a  point  where  the  Niric6  defines 
the  terrace  upon  which  the  village  is  built  Westward  along  the 
lake  the  woods  come  down  to  the  very  shore  and  overhang  the 
cliffs  against  which  the  waves  break.  Passing  a  narrow  stretch 
where  the  slopes  of  Ottoshohe  descend  directly  to  the  water,  the 
terrace  widens  and  extends  in  attractive  meadows  with  groups 
of  shrubs  and  wild  apple  trees  along  the  foot  of  the  hill  to  the 
outlet  of  Lago  Gutierrez.  Across  this  stream  is  Puerto  Moreno, 
a  gravelly  beach  within  the  shelter  of  the  Peninsula  San  Pedro. 
It  is  here  that  Moreno  was  sentenced  to  death  by  the  Indians, 
and  somewhat  farther  along  is  the  site  of  the  ancient  mission 
which  was  fostered  by  Father  Guillelmo  and  his  predecessors. 

The  peninsula  which  juts  from  the  western  shore  in  east 
and  west  branches  is  named  San  Pedro  in  its  eastern  part  and 
Llao  Llao  in  its  westem  part  It  is  a  region  of  hills  and  hollows, 
of  attractive  meadows,  of  charming  lakelets,  and  of  rich  verdiure. 
Its  ancient  forest  was  long  since  destroyed,  but  a  dense  growth 
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of  young  trees  covers  all  the  land  that  has  not  recently  been 
cleared.  The  western  arm  of  the  peninsula  incloses  on  the  north 
the  two  lakes  known  as  East  and  West  Lago  Moreno^  and  on 
the  south  rise  the  gray  rocky  heights  of  Cerro  L6pez,  whose 
cliffs  reach  an  altitude  of  2,000  meters.  In  this  historic  locality 
is  the  site  of  the  future  summer  resort  that  will  center  about 
the  hotel  to  be  built  upon  the  northem  shore  of  Lago  Moreno 
and  will  comprise  the  summer  villas  of  the  pleasure  seekers  from 
Buenos  Aires  and  the  northem  provinces.  The  quiet  waters  of 
Lago  Moreno  are  suited  to  summer  pastime  in  sailboats  and 
canoes  that  can  not  venture  upon  the  larger  lake,  and  the  slopes 
of  the  peninsula,  sheltered  by  the  high  ridge  which  is  the  back- 
bone of  San  Pedro  and  liao  liao,  offer  sites  for  lawns  and  gar- 
dens whence  an  outlook  may  be  afforded  upon  the  waters  of 
the  lake,  to  the  great  precipices  of  Cerro  L6pez,  or  up  to  the  snowy 
heights  of  Tronador  itself.  From  the  west  end  of  the  peninsula 
of  liao  liao  the  view  opens  southward  into  the  GoUo  de  la 
Tristeza  or  westward  into  the  Brazo  de  Puerto  Blest,  but  except 
by  boat  there  is  no  passage  along  the  precipitous  shores  of  this 
part  of  the  lake.  From  this  point  we  may  turn  back  to  the 
eastem  outlet  of  the  lake  and  the  site  of  the  f utiure  city  of  Nahud 
Huapf. 

The  outlet  of  Lago  Nahud  Huapf  Ues  at  the  foot  of  Cerro 
Carmen,  past  which  the  Limay  runs  in  a  dear  swift  current 
between  banks  of  gravd  of  the  moraine.  The  hills  are  bare  ex- 
cept for  grass  and  the  neneo  (Midinum  trifurcatum),  a  sage- 
green  plant  of  the  desert,  and  trees  grow  only  in  ravines  or  on 
the  protected  northem  shore  of  the  lake.  In  these  locations  they 
have  the  essential  moistiure  and  shdter  from  the  winds,  and  they 
prove  that  in  protected  places  groves  may  be  grown  by  irriga- 
tion, for  the  soil  is  not  lacking  in  fertiUty 

Beyond  the  moraine,  in  the  valley  of  the  Limay,  opens  a 
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plain  which  slopes  toward  the  river  and  the  Arroyo  Chacabuco. 
This  plain,  which  has  an  area  of  1,100  hectares,  is  destined  to  be 
the  site  of  the  future  dty  of  Nahud  Huapi.  Here  the  govern- 
ment has  planned  the  streets  and  squares,  the  public  buildings, 
the  parks,  and  the  water  supply  of  a  dty  which  shall  have  sec- 
tions devoted  to  manufacturing,  commerce,  and  residences  and 
which  shall  be  the  center  of  industry  and  traffic  for  the  territory 
of  the  lakes.  It  is  indeed  a  geographic  center  of  all  lines  of  com- 
mimication,  both  transcontinental  and  internal  north  and  south 
lines  for  this  Andean  region.  The  railroad  extending  eastward 
across  the  Pampas  connects  it  directly  with  the  Atlantic.  The 
continuation  of  this  line  westward  to  Valdivia  gives  it  outlet 
to  the  Pacific  The  valley  of  the  limay  affords  a  practicable 
railroad  route  that  no  doubt  will  one  day  be  devdoped,  to  con- 
nect Nahud  Huapf  with  the  northem  provinces,  and  the  south- 
em  connection  will  be  effected  by  a  line  which  will  extend 
down  the  Andes,  dther  through  the  inner  valley  past  Lago  Gu- 
ti6rrez  or  east  of  the  range  along  the  foothills  to  Chubut  and 
Santa  Cruz.  By  damming  the  Limay  the  site  of  the  dty  will 
become  the  shore  of  a  lake  filling  the  valley  for  15  kilometers  and 
lying  at  the  same  levd  as  Lago  Nahud  Huapl.  Steamboats 
will  ply  on  the  new  lake,  Lago  Limay,  and  pass  by  the  canal  of 
the  river  up  Lago  Nahud  Huapf  to  its  farthest  branches.  There 
will  be  concentrated  in  the  dty  the  raw  materials  of  the  Pampas 
and  the  Cordillera,  to  be  transformed  by  the  great  water-power 
of  the  Limay  into  domestic  manufactures  that  will  compete  with 
the  imported  products  upon  which  Argentina  is  now  entirdy 
dependent.  A  pure  and  abimdant  water  supply  for  the  dty  is 
available  in  the  Rio  Nirihuau,  which,  flowing  from  the  Cordillera, 
offers  in  the  Pampa  of  Nahud  Huapf  an  excellent  opportunity 
for  the  storage  of  its  waters  for  all  purposes,  induding  irrigation. 
The  site  is  simny,  shdtered,  well  drained,  and  healthful,  and 
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the  dty,  situated  at  the  entrance  to  the  national  park  in  a  region 
of  delightful  summer  climate,  promises  to  become  not  only  a 
center  of  manufactiure  and  traffic  but  also  an  attractive  resort 
for  toiuists. 


Drainage  Basins  of  the  Nirihuau  and  N tried 

GENERAL   DESCRIPTION 

Two  rivers,  the  Nirihuau  and  Niric6,  enter  Lago  Nahud 
Huapf  from  the  south  near  its  east  end.  They  head  in  the 
eastern  heights  of  the  Andes,  in  the  Cerro  Colorado  and  Sierra 
de  la  Ventana  and  their  q)urs,  and  flow  directly  down  the 
moimtain  slopes  to  the  lake.  Rising  among  simimits  that  reach 
2,000  meters  above  the  sea,  the  Nirihuau  descends  with  the  very 
steep  average  grade  of  50  meters  to  the  kilometer  for  some  25 
kilometers  to  the  Pampa  of  Nahud  Huapf,  a  broad  plain  that 
Ues  southeast  of  the  lake.  There  the  stream  has  ^read  the  gravd 
and  alluvial  soil  which  it  carries,  forming  a  wide,  flat  cone  that 
slopes  from  870  meters  to  815  meters  above  the  sea,  across  the 
plain.  The  cone  is  6  kilometers  in  radius,  and  the  river  has  a 
grade  of  9  meters  to  the  kilometer  from  the  head  of  the  cone  to 
the  base.  The  base  of  the  gravd  cone  spreads  gradually  into  a 
levd  swampy  area,  through  which  the  Nirihuau  meanders  to  a 
canyon  where  it  drops  rapidly  toward  Lago  Nahud  Huapf.  If 
dammed  in  the  canyon  to  a  levd  of  810  meters  above  the  sea 
it  would  have  a  total  fall  of  about  40  meters  to  the  lake  and  an 
available  fall  for  water  power  of  30  meters. 

The  Nirihuau  recdves  two  notable  tributaries,  the  Arroyo 
dd  Medio  and  the  Arroyo  Lana,  beside  many  smaller  ernes.  The 
Arroyo  dd  Medio  drains  the  foothills  of  the  Andes  and  is  a  small 
stream  that  goes  dry  in  summer.  The  Arroyo  Lana  flows  from 
the  east,  from  the  San  Ram6n  Hills  and  gravd  ridges  that  form 
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the  divide  between  Lago  Nahuel  Hiiapf  and  the  Pichileufu.  It 
carries  but  a  small  amoimt  of  water  the  year  roimd. 

The  Niric6  is  a  short  moimtain  stream,  smaller  in  drainage 
area  and  in  volume  than  the  Nirihuau.  It  falls  directly  from 
the  Sierra  de  la  Ventana  to  Lago  Nahuel  Huapf,  which  it  enters 
immediately  east  of  the  village  of  Bariloche. 

The  area  comprising  the  two  drainage  basins  of  the  Nirihuau 
and  Niric6  extends  over  the  eastern  edge  of  the  rain  belt  of  the 
Cordillera  and  the  western  margin  of  the  drier  Pampas,  the 
range  in  precipitation  being  probably  from  as  much  as  2,000 
millimeters  in  the  high  moimtains  to  but  700  millimeters  in  the 
San  Ram6n  Hills.  The  distribution  of  trees  corresponds  to  the 
precipitation,  there  being  groves  of  lenga  on  the  higher  west- 
em  slopes,  scattered  cipr6s  farther  east,  and  fringes  of  bushes 
(moUe,  niri,  and  others)  along  the  streams  in  the  eastem  area. 
The  v^etation,  other  than  trees,  consists  of  shrubs  and  grasses, 
which  vary  in  luxuriance  and  species  according  to  the  range  of 
habitat  from  the  rich  marshy  soil  of  the  Pampa  of  Nahuel  Huapf 
to  the  pastures  and  stony  summits  above  tree  line  on  the 
Cordillera. 

The  eastem  portion  of  the  Nirihuau  drainage  basin,  the  San 
Ram6n  Hills,  is  a  group  of  heights  and  valleys,  separated  by  a  low 
and  irregular  divide  from  the  Limay  and  Pichileufu.  The 
passes  leading  north  and  east  vary  between  910  and  1,140  meters 
above  the  sea,  and  the  divide  culminates  in  the  conspicuous  peak 
of  Cerro  Carmen  at  1,474  meters.  The  valleys  among  these  hills 
connect  with  one  another  or  extend  in  canyons  across  ridges  by 
the  most  imexpected  courses.  They  are  in  many  places  flat 
and  swampy  or  bordered  by  gravel  terraces.  Their  peculiarities 
are  due  to  the  fact  that  a  glacier  formerly  spread  from  Lago 
Nahuel  Huapf  eastward  among  the  hills,  damming  some  outlets 
and  forcing  the  streams  to  seek  others  and,  when  in  retreat, 
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leaving  terraces  along  the  sides  or  flats  in  the  bottoms  of  the 
valleys. 

The  southern  portion  of  the  Nirihuau  basin  includes  the  high 
gravel  plains  bordering  the  elevated  valley  of  the  Pichileufu  and 
the  slope  leading  from  them  down  to  the  Pampa  of  Nahud 
Huapf,  a  descent  of  400  meters.  During  the  earlier  of  the  two 
well-marked  glacial  epochs  which  are  recognized  in  this  region, 
the  ice  filled  the  basin  of  Lago  Nahuel  Huapf  and  spread  from 
it  over  the  Pampa  of  Nahuel  Huapf  to  the  south  end  of  the 
valley.  In  front  of  it  were  formed  the  high  gravel  plains  of  the 
Pichileufu,  450  meters  above  the  lake.  When  the  ice  retreated 
from  this  advanced  position  it  left  the  gravel  slope  facing  toward 
the  Pampa  of  Nahuel  Huapf.  Streams  flowing  between  the  ice 
and  the  slope  formed  the  terraces  that  we  now  see.  The  mass  of 
gravel  thus  laid  down  receives  and  stores  a  large  amoimt  of  water 
which  feeds  springs  about  the  foot  of  the  slope. 

UTILIZATION   OF   THE   LANDS 

The  lands  of  the  Nirihuau  basin  are  so  situated  with  reference 
to  the  railroad,  the  dty  of  Nahuel  Huapf,  and  the  national  park 
that  their  proper  utilization  is  a  question  of  prime  economic 
importance.  They  are  adapted  to  agriculture  with  irrigation, 
to  cultivation  without  irrigation,  and  to  grazing. 

Wheat,  oats,  and  other  grains,  alfalfa,  potatoes,  onions,  and 
cabbages  have  been  successfully  cultivated  in  the  vicinity  of 
Bariloche  and  farther  west,  where  the  rainfall  exceeds  1,000 
millimeters  a  year.  Hardy  fruit  trees  also  thrive  and  bear  well 
if  sheltered  from  the  western  winds.  Frosts  occur  less  frequently 
here  during  the  summer  in  the  strong  air  currents  that  sweep  over 
Lago  Nahuel  Huapf  than  in  some  of  the  adjacent  vaU^^  of  the 
Cordillera  where  the  air  is  quieter.  There  is  therefore  less  dan- 
ger to  crops.    Toward  the  east  the  rainfall  diminishes  rapidly. 
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In  the  Pampa  of  Nahuel  Hiiapf  irrigation  will  be  desirable,  and 
in  drier  years  necessary,  for  the  ripening  of  a  crop  or  the 
successful  growth  of  alfalfa. 

Grazing  of  both  sheep  and  cattle  has  been  carried  on  for 
twenty-five  years  or  more  over  the  entire  area  of  the  Nirihuau 
and  Niric6  drainage  basins.  The  fiscal  lands  and  the  two  great 
properties  that  have  been  known  as  the  Bemal  and  San  Ram6n 
estandas  have  all  been  fully  occupied.  The  native  grasses  grow 
everywhere  on  the  moimtain  slopes  and  in  the  vallejrs,  varying  in 
abundance  and  in  species  according  to  the  soil  and  the  altitude. 
In  winter  the  stock  seek  the  sunny  sheltered  slopes  of  the  lower 
hills.  In  summer  they  go  into  the  swampy  mallins,  as  these 
lowlands  dry  up  and  become  accessible,  or  ascend  into  the  Cor- 
dillera, where  they  find  nutritious  pasture  even  on  the  highest 
summits.  The  growth  of  pasture  plants  is  described,  by  those 
who  knew  the  range  in  the  early  days  of  occupation,  as  having 
then  been  much  more  luxuriant  than  it  is  now.  It  has,  no 
doubt,  been  diminished  by  severe  grazing,  but  it  has  not  suffered 
any  material  injury  and  is  still,  in  general,  to  be  considered  first- 
class  range. 

Little  wood  grows  in  the  drainage  basins  of  the  Nirihuau 
and  Niric6,  which  lie  outside  of  the  forest  zone.  On  the  head- 
waters the  niri  grows  along  the  streams  in  groves  of  bushes  and 
small  trees,  and  chaquai  is  also  abimdant  in  these  groves,  pre- 
senting its  usual  ragged  form  in  contrast  to  the  sturdier  niri. 
Cipr6s  grows  in  isolated  groups  or  as  individual  trees  in  various 
parts  of  the  area  and  was  formerly  more  abimdant,  but  the  trees 
statable  for  lumber  have  been  cut  away.  MoUe,  a  low  alder- 
like bush,  grows  by  the  brooks  on  the  San  Ram6n  Hills  and  is 
the  easternmost  representative  of  the  shrubs  of  the  Cordillera. 

With  these  general  remarks  we  may  pass  to  the  more  detailed 
consideration  of  three  distinct  sections  of  this  drainage  area — 
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the  northeastern  front  of  the  Cordillera,  the  Pampa  of  Nahuel 
Huapf,  and  the  San  Ram6n  Hills. 

NORTHEASTERN  FRONT  OP   THE   CORDILLERA 

The  northeastern  front  of  the  Cordillera  comprises  the  slopes 
of  the  Sierra  de  la  Ventana  and  the  Cerro  Colorado  and  their 
spurs,  which  are  in  general  very  steep.  The  ravines  fall  rapidly  and 
are  very  narrow  at  the  bottom.  Thus  there  are  no  areas  within 
this  section  which  are  suitable  for  agriculture,  and  the  Cordillera 
must  always  be  given  over  to  grazing,  on  the  lower  slopes  in 
winter  and  the  higher  slopes  in  siunmer. 

It  is  of  interest  to  estimate  the  capacity  of  the  range  as  nearly 
as  we  may  with  the  available  data,  and  in  doing  so  we  may 
assume  that  the  grazing  is  to  be  intelligently  directed  so  as  to 
obtain  the  largest  possible  return  consistent  with  the  permanent 
occupation  of  the  area  by  cattle  or  sheep.  We  must  then  dis- 
tinguish the  winter  and  siunmer  ranges  and  assume  that  the 
herds  will  be  moved  in  such  a  way  as  to  give  the  pasture  oppor- 
tunity to  seed  and  recover  as  steadily  as  may  be  practicable. 
Let  it  be  assumed  that  the  winter  range  will  be  occupied  from 
May  to  September,  inclusive,  and  the  siunmer  range  from  October 
to  April,  inclusive,  the  animals  moving  over  it  in  alternate  years, 
first  in  one  direction  and  the  next  year  in  another,  in  such  a  way 
that  the  grasses  may  ripen  seed  every  alternate  year.  In  the 
United  States  it  has  been  found  that  pasture  can  thus  be  restored 
without  losing  the  feed,  the  occupation  of  the  range  after  the 
seed  has  ripened  being  beneficial  in  helping  to  distribute  the  seed 
and  manure  the  ground. 

In  estimating  the  seasonal  capacity  of  the  range  as  distin- 
guished from  its  annual  capacity,  we  are  taking  a  step  in  advance 
of  the  general  practice  of  grazing  in  Patagonia,  and  must  pro- 
ceed somewhat  without  the  data  of  experience.    It  is  conceded 
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by  sheep  owners  that  more  sheep  may  be  carried  upon  a  given 
area  for  a  shorter  time  than  may  be  kept  upon  it  during  a  longer 
period,  and  an  estimate  of  the  proportion  may  be  approached 
in  the  following  manner.  Let  us  suppose  that  a  certain  range 
will  carry  1,000  sheep  to  the  legua  during  the  entire  twelve 
months  of  the  year.  This  annual  capacity,  stated  in  another 
form,  is  equivalent  to  12,000  sheep-months — that  is,  one  sheep 
grazing  12,000  months,  or  12,000  sheep  grazing  one  month.  It  is 
obvious,  however,  that  practical  considerations  would  affect  the 
arithmetical  product  and  that  neither  of  these  extremes  would  be 
correct.  Nevertheless,  we  may  use  this  product  as  a  step  toward 
estimating  the  seasonal  capacity,  provided  we  base  our  estimate 
upon  a  percentage  part  of  it.  For  instance,  let  us  assume  that 
the  range  is  to  be  grazed  during  five  winter  months.  Then,  arith- 
metically, its  capacity  in  sheep  would  be  12,000  sheep-months 
divided  by  five  months,  or  2,400  sheep.  This  figure  seems  ex- 
cessive when  we  consider  that  the  original  assumption  was  but 
1,000  sheep  for  the  year,  and  we  shall  come  nearer  the  truth  if 
we  take  75  per  cent  of  it,  or  1,600  sheep,  as  the  seasonal  capacity 
of  the  range  for  the  five  months  of  winter. 

To  estimate  the  simmier  seasonal  capacity  for  the  seven 
remaining  months  of  the  year  on  the  same  basis  of  an  annual 
capacity  of  1,000,  we  would  have  the  proportion 

1,000  X  12  months 
7  months, 
giving  1,714  sheep  per  legua,  which  again  is  probably  excessive, 
but  as  the  period  is  somewhat  longer  than  the  winter  season  we 
may  assmne  that  the  effect  of  the  sheep  upon  the  growth  of  the 
grasses  would  be  less  concentrated  and  that  80  per  cent  of  1,7141 
or  1,371,  may  be  fairly  taken  as  the  simmier  seasonal  range  for 
seven  months. 

These  figures  are  to  be  regarded  as  suggestive  rather  than 
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accurate  and  should  be  qualified  by  various  conditions  depend* 
ing  upon  the  character  of  the  range  and  the  condition  of  the 
pasture  plants,  but  the  method  of  procedure  appears  to  afford 
a  better  basis  for  estimating  seasonal  capacity,  as  compared  with 
an  assmned  annual  capacity,  than  mere  guessing. 

The  annual  carrying  capacity  of  the  slopes  of  the  Cordillera, 
not  including  the  Pampa  of  Nahuel  Huapf  but  taking  into  ac- 
count the  lower  valleys,  is  estimated  from  the  experience  of  graz- 
ing in  that  district  at  1,250  sheep  to  the  legua.  The  total  area 
is  approximately  500  square  kilometers,  or  20  leguas,  of  which 
three-fourths,  or  15  l^uas,  may  be  taken  as  smnmer  range,  and 
one-fourth,  or  5  leguas,  as  winter  range.  Then  if  we  proceed 
as  in  the  preceding  example  we  will  have  for  the  simmier  range 
15  leguas  X  1,250  sheep  X  12  months  X  80  percent 

7  months 
equivalent  to  25,714  sheep  for  15  l^uas,  or  1,714  sheep  to  the 
legua,  and  for  the  winter  range 

5  leguas  X  1,250  sheep  X  12  months  X  75  per  cent 

5  months 
equivalent  to  11,250  sheep  for  5  leguas,  or  2,250  sheep  to  the 
legua.  This  indicates  that  more  than  twice  as  many  sheep 
may  be  carried  in  the  Cordillera  during  the  smnmer  than  in  the 
winter,  and  that  either  the  summer  range  must  remain  in  part 
ungrazed  or  winter  range  outside  of  the  Cordillera  must  be  f oimd 
for  some  14,000  sheep.  This  deficiency  in  winter  range  is  to  be 
expected  on  account  of  the  altitude  of  the  pastiures  in  the  Cor- 
dillera, and  the  surplus  capacity  of  the  stunmer  range  should  be 
utilized  to  rest  the  winter  pastures  of  the  lowlands  during  the 
season  of  ripening  and  seeding  of  the  pasture  plants. 
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THE   PAMPA  OF  NAHUEL  HUAPf 

The  Pampa  of  Nahud  Huapf  is  an  extensive  plain  lying  be- 
tween the  eastern  heights  of  the  Andes  and  the  San  Ram6n 
IClls.  It  is  separated  from  the  basin  of  Lago  Nahuel  Huapf  by 
a  belt  of  gravelly  moraine  ridges  about  3  kilometers  in  width. 
It  is  traversed  by  the  Rio  Nirihuau  and  may  conveniently  be 
divided  into  three  sections,  the  central  one  of  which  corresponds 
with  the  alluvial  cone  of  that  river.  The  western  and  eastern 
sections  lie  on  either  side  of  the  cone  and  are  limited  by  the 
glacial  gravel  terraces. 

The  western  section  consists  of  1,200  hectares  of  land  suitable 
for  agriculture  under  irrigation,  lying  on  the  southeast  side  of 
the  moraine  ridges,  which  are  high  enough  to  protect  it  from  the 
winds  of  Lago  Nahuel  Huapf.  In  geologic  origin  the  area  is  an 
outwash  plain  of  gravel  and  sand,  which  has  the  usual  relative 
position  of  such  a  plain  beyond  the  terminal  moraine.  The  sub- 
soil is  therefore  porous  and  the  surface  has  a  good  slope  of  10 
to  15  meters  to  the  kilometer.  The  soil  itself  is  of  eolian  and 
v^etable  origin  and  is  a  very  fine  grained  sandy  loam  with  a 
large  proportion  of  humus.  Water  to  irrigate  the  tract  may  be 
derived  from  the  Arroyo  del  Medio  or,  by  the  construction  of  a 
canal  11  kilometers  long,  from  the  Niric6.  As  the  volumes  of 
these  streams  are  exceedingly  variable,  it  would  be  desirable  to 
establish  storage  basins,  but  the  topography  of  their  valleys  is 
not  very  favorable,  and  it  is  probable  that  irrigation  in  this  dis- 
trict would  be  practicable  only  from  November  to  the  end  of 
February,  after  which  the  Arroyo  del  Medio  carries  very  little 
water.  The  Niric6,  however,  is  a  permanent  stream,  which  at 
its  lowest  stage  probably  has  a  flow  of  i  to  2  cubic  meters  per 
second. 

An  area  which  should  be  reserved  as  a  site  for  a  reservoir  to 
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store  the  waters  of  the  Nirihuau  to  supply  the  dty  of  Nahuel 
Hiiapf  lies  in  the  northern  part  of  the  Pampa,  along  the  course 
of  the  Nirihuau  and  the  Arroyo  del  Medio;  its  upper  limit  is 
here  assumed  as  the  contour  line  of  8io  meters  above  sea,  and  the 
area  covered  is  5^  square  kilometers. 

The  eastern  section  of  the  Pampa  of  Nahuel  Huapf  is  about 
8  kilometers  from  the  western  section,  and  is  likewise  statable  for 
agriculture.  It  comprises  about  1,500  hectares  inclosed  on  the 
north,  east,  and  southwest  by  high  hills,  but,  being  open  toward 
the  northwest,  it  is  somewhat  exposed  to  strong  winds  from  the 
lake  and  should  be  protected  by  windbreaks  of  trees  planted 
along  the  northwest  side,  as  well  as  at  intervals  throughout  the 
area.  The  subsoil  of  this  area  is  gravel  and  sand,  but  the  sur- 
face soil,  which  is  from  2  to  3  meters  deep,  is  so  fine  and  compact 
that  it  is  almost  impervious  to  water  and  produces  swampy 
tracts  locally  known  as  ^^mallins.'^  This  soil  consists  of  fine 
eolian  dust  mingled  with  decayed  vegetation  and  when  thoroughly 
broken  up  is  rich  and  statable  for  irrigation.  Abimdant  water 
for  irrigation  could  be  derived  from  the  Rio  Nirihuau  by  a  short 
canal. 

The  central  section  of  the  Pampa  of  Nahuel  Huapf  has  the 
form  of  a  very  flat  cone,  although  it  looks  to  one  riding  across  it 
like  a  level  plain.  It  is  in  fact  the  alluvial  cone  of  gravel  and 
sand  built  out  by  the  Rio  Nirihuau  beyond  the  point  where  the 
stream  issues  from  the  mountains.  The  subsoil  is  therefore  very 
coarse,  and  the  surface  soil  is  a  fine  sandy  loam,  shallower  and 
coarser  in  general  than  that  of  the  eastern  and  western  sections 
but  adequate  to  maintain  a  rich  growth  of  pasture  grasses. 

Partly  on  accoimt  of  its  position  and  partly  because  of  its 
roimded  form,  this  section  of  the  Pampa  is  more  exposed  to  the 
winds  than  either  of  the  others  and  is  therefore  less  suited  to 
agriculture.    It  will  no  doubt  eventually  be  practicable  to  es- 
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tablish  windbreaks  of  shrubs  and  trees  and  by  irrigating  it  with 
the  waters  of  the  Nirihiiau  to  bring  it  under  cultivation,  but  the 
pasture  is  needed  as  winter  range  for  the  cattle  and  sheep  that 
can  graze  during  the  summer  along  the  northeast  front  of  the 
Cordillera,  and  it  should  be  appropriated  to  that  use  imtil  eco- 
nomic conditions  change  materially. 

In  the  estimate  above  made  for  the  grazing  capacity  of  the 
northeast  front  of  the  Cordillera,  it  was  calculated  that  about 
14,000  sheep  would  have  to  find  winter  range  outside  of  the 
moimtain  valleys  during  the  five  months  from  May  to  Septem- 
ber, inclusive.  The  area  of  the  central  section  of  the  Pampa  is 
1.4  leguas.  If  it  is  assumed  that  the  grasses  are  allowed  to 
reseed  themselves  every  year  and  are  supplemented  by  hay  crops 
from  the  irrigated  lands,  the  carrying  capacity  may  be  taken  at 
4,000  head  per  l^ua  per  annum.  Employing  the  method  of 
calculation  of  seasonal  capacity,  and  using  the  seasonal  term 
of  five  months,  we  should  have  a  maximum  winter  capacity  for 
this  range  of  V  of  4,000,  or  9,600  head  per  l^ua,  equivalent 
to  13,400  head  for  the  entire  area  of  the  central  section  of  the 
Pampa.  This  pasture  is  about  sufficient  for  the  siuplus  sheep 
that  could  be  grazed  in  the  Cordillera  during  the  other  seven 
months  of  the  year. 


SAN  RAMON  miXS 


The  San  Ram6n  Hills  and  the  valleys  that  lie  among  them  are 
estimated  to  contain  the  following  areas,  suited  to  the  several 
objects  indicated: 
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The  agricultural  lands  are  mallins  and  terrace  plains,  of 
limited  extent.  They  lie  on  the  Arroyo  la  Lana,  where  the  brook 
runs  through  flats,  and  are  confined  by  the  hills  or  by  ravines 
along  its  coiuse.  Their  altitude  is  between  860  and  910  meters — 
too  high  for  cultivation  except  for  oats  or  hay.  The  soil  is  a 
fine-grained  loam,  in  part  sandy,  in  part  swamp-muck  with  much 
humus.  The  subsoil  is  gravel  or  sand  from  the  earlier  glacial 
deposits.  Drainage  and  spring  irrigation  with  the  waters  of  the 
Arroyo  la  Lana  should  be  applied.  The  use  of  these  small  areas 
shoxild  be  auxiliary  to  grazing  on  the  extensive  range  afforded 
by  the  San  Ram6n  Hills. 

The  grazing  lands  of  the  San  Ram6n  Hills  belong  to  the  class 
of  the  high  Pampas  and  are  similar  to  those  on  the  treeless  hills 
of  Pilcaniyeu  or  Anec6n,  but  they  receive  more  rain  and  have  a 
somewhat  greater  capacity.  As  compared  with  the  Cordillera, 
however,  they  receive  less  rain  and  much  less  snow.  They  are 
lower  and  a  large  part  of  the  area  is  sheltered.  The  surface  is  so 
irregular  that  animals  may  find  simny  sheltered  slqpes  in  nearly 
all  parts  of  the  hills,  and  there  is  no  large  area  to  be  distinguished 
as  siunmer  range  in  contrast  to  winter  range. 

Certain  areas,  however,  in  consequence  of  their  position  fac- 
ing the  valley  of  the  Limay  and  Lago  Nahuel  Huapf ,  are  exposed 
to  severe  winds  and  are  thus  rendered  less  valuable  for  grazing, 
both  because  stock  will  go  on  them  only  temporarily  and  because 
the  vegetation  is  scantier. 

The  San  Ram6n  Hills  are  suitable  for  grazing  sheep,  cattle, 
horses,  or  mules.  The  capacity  in  sheep,  reckoned  per  annum, 
but  assimung  judicious  distribution  of  the  flocks  according  to 
seasonal  requirements,  may  be  taken  at  1,500  per  legua  for  the 
6.6  leguas  (166  square  kilometers)  of  grazing  land,  or  a  total  of 
10,000  sheep.  This  estimate  omits  from  consideration  the  10 
square  kilometers,  or  roughly  one-third  of  a  legua,  of  land  as- 
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signed  to  agriculture,  which  would  carry  1,500  sheep  or  300 
cattle  on  natural  pasture.  If  sown  in  alfalfa,  timothy,  or  clover 
this  land  would  still  further  increase  the  carrying  capacity  of 
the  entire  range,  which  may  safely  be  estimated  at  12,000  to 
15,000  sheep,  together  with  1,000  head  of  cattle  or  horses. 
Variations  of  the  annual  rainfall  affect  the  pasture  and  occasion 
corresponding  variations  of  capacity. 

There  are  no  forests  in  the  San  Ram6n  Hills,  nor  any  trees 
whatever,  except  a  few  scattered  dpr6s.  Along  the  streams 
there  is  a  growth  of  shrubs. 

The  useless  lands  are  rocky  slopes  or  precipices,  which  are 
situated  mostly  on  Cerro  Carmen  de  Villega  and  the  range  that 
extends  from  it  northeastward. 

Lago  Gutierrez,  which  is  10  kilometers  long,  is  tributary  to 
Lago  Nahuel  HuapL  From  its  north  end  the  Arroyo  Gutierrez 
flows  out  across  a  gravel  plain  and  enters  Lago  Nahuel  Huapf 
near  Puerto  Moreno.  The  altitude  of  Lago  Gutierrez  being  800 
meters  above  sea  and  that  of  Lago  Nahuel  Huapf  770  meters, 
the  stream  has  a  fall  of  30  meters,  which  is  distributed  through- 
out its  length  in  a  series  of  rapids  oVer  a  gravelly  bed.  The 
shores  of  Lago  Gutierrez,  which  lies  in  a  deep  glacial  trough 
between  the  Sierra  de  la  Ventana  and  £1  Catedral,  are  bold  and 
abrupt  On  the  east  the  Sierra  de  la  Ventana  rises  1,200  meters 
and  on  the  west  £1  Catedral  towers  precipitously  1,600  meters 
above  the  lake.  Still,  the  lower  slopes  are  generally  not  so  rocky 
but  that  they  afford  room  here  and  there  for  cultivated  fields. 
The  southern  shore  especially  is  a  low  plain  and  much  of  it  is 
swampy.  The  valley  continues  southward,  as  if  through  a 
gateway  in  the  range,  from  Lago  Gutierrez  to  Lago  MascardL 
In  passing  through  this  valley  one  observes  no  dividing  ridge, 
yet  one  crosses  from  the  Atlantic  to  the  Pacific  watershed  beyond 
the  Continental  Divide.    The  fact  that  the  parting  of    the 
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waters  lies  in  this  profoundly  deep  valley  is  one  of  many  pe- 
culiarities in  the  tortuous  drainage  of  the  southern  Cordillera. 
North  of  Lago  Gutierrez  is  Ottoshohe,  a  picturesque  wooded  hill 
which  rises  west  of  Bariloche  to  a  height  of  1,405  meters. 

Both  shores  of  Lago  Guti6rrez  have  been  heavily  wooded, 
and  the  western  shore  has  still  a  growth  of  coihu£  and  cipr6s, 
which  extends  back  into  the  ravines  of  £1  Catedral  to  the  timber 
line.  There  is  also  an  e3ctensive  area  of  small  trees  and  tmder- 
brush  on  the  terrace  on  the  northwest  side  of  the  lake,  the  prin- 
cipal spedes  being  niri.  The  forest  on  the  eastern  shore  of  the 
lake  was  mainly  cipr6s  but  has  been  badly  burned.  A  feature 
of  the  forest  growth  which  extends  along  all  the  eastern  shores  of 
Lago  Gutierrez  and  Lago  Mascardi  is  the  distribution  of  the 
forest  in  three  zones  according  to  altitude.  In  the  lower  zone 
the  dark-green  Andean  beech,  the  coihu£,  and  the  ciprfe  form  a 
heavy  growth;  higher  up  there  is  a  belt  of  tmderbrush  without 
the  larger  trees,  representing  an  old  bum;  and  still  higher  there 
is  a  zone  of  lenga,  a  variety  of  the  beech,  which  grows  only  at 
high  altitudes  and  is  not  readily  destroyed  by  fire.  Above  these 
highest  trees,  beyond  an  altitude  of  1,600  meters,  the  slopes  are 
covered  with  grass  or  consist  of  bare  rock. 

The  scenery  on  the  west  side  of  Lago  Gutierrez  is  especially 
picturesque.  The  cliffs  of  El  Catedral  are  massive  and  imposing, 
and  wild  ravines  lead  up  to  the  slender  but  rugged  pinnacles  to 
which  the  mountain  owes  its  name. 

Lago  Mascardi  and  the  Upper  Manso  Valley 

Lago  Mascardi  is  a  peculiar  U-shaped  lake,  one  arm  of  which 
occupies  a  section  of  the  valley  that  contains  also  Lago  Gutierrez, 
from  which  it  is  separated  only  by  a  gravel  plain.  The  lake  is 
a  link  in  the  curious  chain  of  rivers  and  lakes  that  make  up  the 
Rio  Manso.    The  main  stream  rises  in  the  glaciers  on  the  south 
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and  southeast  slopes  of  Mount  Tronador  and,  flowing  through 
a  wide  swampy  valley  about  15  kilometers  long,  enters  the  west- 
em  arm  of  Lago  Mascardi.  Leaving  the  lake  at  the  southwest 
the  river  runs  westward  to  Lago  Hess,  thus  doubling  on  itself. 
In  its  uppermost  section,  before  reaching  Lago  Mascardi,  the 
Rio  Manso  receives  a  number  of  tributaries  from  the  north  and 
south.  Those  from  the  north  are  short  and,  rising  in  the  very 
high  range  (2,000  meters)  which  carries  the  Continental  Divide 
from  Mount  Tronador  to  Cerro  Catedral,  fall  precipitously  in 
deep  ravines.  The  streams  which  enter  the  Manso  from  the 
south  are  longer,  rise  in  lower  hills,  and  flow  through  valleys 
that  are  wide  and  accessible  and  through  which  good  passes  lead 
t6  Lago  Hess.  But  one  other  stream  of  importance  besides  the 
Rio  Manso  enters  Lago  Mascardi.  It  flows  in  a  short  course 
with  a  fall  of  28  meters  from  Lago  Guillelmo.  The  Guillelmo 
basm  is  a  broad  glaciated  valley  bounded  by  exceedingly  pic- 
turesque ranges  that  exceed  2,000  meters  in  altitude.  The  upper 
part  of  the  valley  is  characterized  by  gravel  terraces  and  an  ex- 
tensive swamp,  from  which  several  streams  enter  the  lake.  The 
stretch  between  Lago  Guillelmo  and  Lago  Mascardi  is  marked 
by  rocky  knobs  among  which  the  brook  falls  in  cascades. 

Most  conspicuous  of  the  peaks  and  ranges  among  which  the 
Rio  Manso  meanders  is  Mount  Tronador.  Extending  from 
that  great  peak  toward  the  east  and  south  are  two  ranges,  which 
inclose  the  drainage  basin  of  the  Manso.  The  northern,  which 
unites  Tronador  with  El  Catedral,  has  a  number  of  peaks  whose 
bold  precipitous  pinnacles  rise  above  2,000  meters.  The  range 
is  exceedingly  bold  and  very  picturesque  and  is  difficult  of  ac- 
cess on  account  of  its  precipitous  character.  It  is  part  of  the 
Continental  Divide  separating  the  Atlantic  waters  of  Lago 
Nahuel  Huapi  from  the  Pacific  waters  of  the  Manso.  The  range 
which  runs  south  from  Mount  Tronador  is  broader  than  the 
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one  just  described.  Its  summits  do  not  exceed  1,900  meters  in 
elevation,  and  the  passes  among  them  vary  from  1,200  to  1,400 
meters.  This  range  carries  the  boundary  line  between  Chile 
and  Argentina.  Its  topographic  forms  are  less  bold  than  those 
of  the  northern  range,  and  a  larger  proportion  of  the  slopes  is 
forest  covered. 

At  the  head  of  the  southwestern  source  of  the  Manso,  imme- 
diately at  the  foot  of  the  glaciers  of  El  Tronador,  is  the  pass  by 
which  Friar  Men^dez  crossed  the  range  when  searching  for  the 
lost  road  of  Vuriloche.  Through  the  studies  of  Sefior  Fran- 
cisco Fonck  and  his  collaborators'^  it  has  been  shown  that  Me- 
n^dez  really  followed  the  old  route,  at  least  at  the  crossing  of 
the  range,  south  of  Tronador,  in  the  Paso  de  las  Lagunitas,  better 
called  by  its  ancient  name  the  Paso  de  Vuriloche.  Thence, 
according  to  Fonck,  the  old  path  probably  descended  southeast- 
ward to  Lago  Fonck  and  Lago  Hess  and  passed  south  of  Lago 
Mascardi,  of  which  it  followed  the  eastem  shore.  Since  Fonck 
wrote  this  district  has  been  surveyed  by  Emilio  E.  Frey,  an 
Argentine  engineer,  one  of  the  able  men  gathered  together  under 
the  "Perito"  Moreno  on  the  "Comisi6n  de  LImites,"  and  we 
can  better  trace  both  the  route  of  Men6ndez  and  the  probable 
course  of  the  ancient  road.  By  descending  from  the  Paso  de 
Vuriloche  to  Lago  Fonck  and  so  to  Lago  Hess,  the  travelers 
would  have  gone  out  of  their  way  and  would  have  encotmtered 
in  the  precipitous  shores  of  Lago  Fonck  the  very  difficxilties  they 
were  seeking  to  avoid.  But  by  going  directly  east,  as  Men6ndez 
apparently  did,  they  woxild  have  traversed  wooded  slopes  and 
open  grassy  valleys  to  the  head  of  Lago  Mascardi,  where  the  Rio 
Manso  enters  the  northwest  arm,  and  would  thence  have  crossed 
by  a  low  pass  over  a  southern  spur  of  El  Catedral  to  Lago  Gu- 

*  See  "  Viajes  de  Fray  Francisco  Men6ndez  &  la  Cordillera/'  publlcados  y  comentados 
por  Francisco  FondL.    £did6n  centcnaria,  Valparaiso,  1896. 
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ti6rrez,  pursuing  a  nearly  direct  easterly  course.  This  seems 
to  the  writer,  who  has  personally  been  over  much  of  the  ground, 
the  probable  route  of  the  ^Xamino  de  Vuriloche'^  east  of  Las 
Lagunitas. 

An  arm  of  the  Rio  Manso,  heading  oa  the  southwestern 
slope  of  £1  Tronador,  flows  around  the  south  side  of  the  moun- 
tarn  and  falls  rapidly  to  the  valley  on  the  east.  The  canyon  is 
deep  and  the  river  broken  by  high  cascades.  The  engineer 
Frey  ascended  by  this  canyon,  but  it  is  very  difficxilt. 

The  mountains  about  Lago  Mascardi  rise  from  1,800  to  2,000 
meters  above  the  sea,  or  several  hundred  meters  above  timber 
line,  and  the  sunmiits  are  as  a  rule  bare  crags,  which  enhance  the 
pictxuresqueness  of  the  scenery  about  the  lake. 

The  valleys  of  this  district  have  been  occupied  by  deep  gla- 
ciers during  at  least  two  distinct  glacial  epochs.  The  effect  of 
the  earlier  gladation  was  to  widen  them,  and  possibly  the  later 
gladation  may  have  had  a  similar  result,  but  in  the  latest  retreat 
of  the  ice  the  valleys  and  mountain  slopes  were  left  covered  by 
glacial  deposits  of  various  kinds.  These  deposits,  which  are 
generally  composed  of  coarse  gravel  and  sand,  now  constitute 
the  subsoils  of  the  region.  Upon  the  subsoil  there  is  an  acciunu- 
lation  of  vegetable  humus  mingled  with  a  modified  subsoil,  which 
produces  a  sandy  or  gravelly  loam  that  is  favorable  to  the  growth 
of  trees.  These  soils  are  as  a  rule  well  drained  and  fertile.  They 
extend  up  the  slopes  from  500  to  1,000  meters  above  the  valley 
bottoms.  Near  the  lake  shores  and  river  bottoms  the  deposits 
form  terraces,  usually  of  small  area  but  adequate  for  villa  sites 
and  gardens.  Otherwise  the  soils  lie  upon  slopes  that  are  too 
steep  for  cultivation  and  must  be  kept  under  forest  to  prevent 
erosion.  The  upper  valley  of  the  Manso,  which  has  an  area  of 
about  1,200  hectares,  is  an  extensive  swamp  which  is  difficxilt  to 
traverse.    It  can  probably  be  drained  and  cleared  for  pasture 
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where  it  is  now  overgrown  with  shrubs.  Portions  of  it  are  grassy 
swamps  or  mallins  and  are  available  for  summer  pasture  in  their 
present  condition. 

All  of  this  drainage  basin  except  the  extreme  eastern  portion, 
in  the  heights  of  the  Sierra  de  la  Ventana,  is  within  the  climatic 
zone  of  forest  growth.  A  dense  virgin  forest  originally  covered 
all  of  the  surface  up  to  the  bare  rocks  of  the  predpicei  and  such 
a  forest  still  exists  over  the  greater  part  of  the  basin.  It  is  par- 
ticularly continuous  and  beautiful  in  the  mountain  region  west 
of  Lago  Mascardi  and  south  of  the  upper  Rio  Manso,  where  it 
extends  across  the  international  boimdary  into  Chile.  North 
of  the  upper  Manso  Valley  a  similar  growth  covers  the  lower 
slopes  of  the  continental  range  and  spreads  over  the  peninsxila 
which  lies  between  the  two  arms  of  Lago  Mascardi.  On  the 
eastern  shores  of  the  lake  there  is  also  a  belt  of  original  forest 
with  many  large  and  handsome  trees.  An  area  of  burnt  forest, 
in  which  the  dead  trees  are  still  standing  and  the  tmderbrush  is 
small,  extends  from  a  point  north  of  the  outlet  of  Lago  Mascardi 
around  the  southern  shore  across  the  valley  of  Lago  Guillelmo 
and  up  the  mountain  slopes  on  all  sides.  The  scars  of  an  older 
fire  may  be  traced  in  areas  of  low  bushes  and  trees  along  the 
mountain  slope  east  of  Lago  Mascardi,  above  the  remnant  of 
virgin  forest,  all  the  way  to  Lago  Gutierrez.  The  entire  area 
comprising  both  the  virgin  forest  and  the  burnt  slopes  of  different 
dates  should  be  brought  tmder  forest  and  so  maintained  by  a 
proper  exploitation  of  the  trees,  in  order  to  conserve  the  soil  and 
maintain  the  scenic  beauty  of  the  lake. 

There  is  but  little  variation  in  the  character  of  this  forest, 
which  comprises  the  conmion  species.  Coihu£  and  cipr6s  occur 
in  intimate  association  on  all  the  lower  slopes  and  better  soils. 
The  coihu6  is  particularly  large  and  old.  The  ciprfe  runs  up 
beyond  the  coihu£  along  the  slopes,  wherever  they  are  rocky 
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and  drier,  forming  groves  or  growing  as  isolated  trees.  At 
elevations  more  than  1,100  meters  above  the  sea,  even  in  situa- 
tions otherwise  favorable  to  it,  the  coihu£  usually  does  not  occur, 
its  place  being  taken  by  the  other  variety  of  the  Nothof agus, 
called  lenga  or  leda. 

In  the  districts  which  have  been  burned  there  are  two  dis- 
tinct types  of  growth.  That  found  in  the  older  bums  consists 
of  niri,  mait^,  and  bamboo,  with  occasionally  some  retamo 
and  palopichi,  but  most  of  the  region  is  too  high  for  the  latter 
spedes.  In  the  more  recent  bums,  where  the  dead  trees  still 
give  a  certain  proportion  of  shade  and  the  shrubs  have  not  yet 
gained  possession,  a  wild  pea  grows  rankly.  When  tender  it  is 
greedily  eaten  by  cattle  and  is  said  to  make  excellent  hay. 

The  forest  lands  of  this  drainage  basin  are  suitable  for  cattle 
grazing.  In  the  virgin  forest  the  principal  fodder  is  the  bamboo, 
on  which  the  cattle  thrive,  especially  dining  the  winter,  when 
they  biuy  themselves  in  the  cane-brakes  for  both  food  and 
shelter. 

The  biunt  forests  have  as  a  rule  been  btumed  for  the  purpose 
of  making  them  more  accessible  for  cattle  and  increasing  the 
amount  of  pasture.  Several  valuable  grasses  and  the  wild  pea 
grow  vigorously  and  afford  excellent  feed.  Above  the  forest 
are  the  grassy  alpine  pastures,  to  which  the  cattle  resort  in 
siunmer. 

Lago  Hess^  Lago  Vidal  Gonnaz^  and  Tributaries 

Lago  Hess  and  Lago  Vidal  Gormaz  are  twin  lakes,  occupy- 
ing an  extensive  basin  which  gathers  the  waters  of  the  upper 
Rio  Manso  and  those  of  several  streams  that  flow  from  the 
western  Cordillera.  Their  united  volume  forms  the  middle 
Rio  Manso.  The  drainage  basin  is  bounded  on  the  west  by 
the  Chilean  boundary,  which  follows  the  crest  of  the  western 
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Cordillera,  and,  being  limited  also  on  all  other  sides  by  high 
mountains,  it  is  very  retired  and  very  beautifxil. 

Lago  Hess  is  just  south  of  latitude  41^  20^  Lying  imme- 
diately at  the  eastern  base  of  the  western  Cordillera,  the  dis- 
trict is  within  the  reach  of  the  heavy  rains  and  snows  that  cross 
the  range  from  Chile,  and  the  annual  precipitation  is  probably 
not  less  than  1,500  millimeters.  About  Lago  Fonck  and  west 
of  Lago  Vidal  Gormaz  it  may  be  as  much  as  3,000  millimeters. 
Although  not  so  high  as  Lago  Nahuel  Huapi,  Lago  Hess  is  more 
liable  to  frost,  as  there  is  but  little  wind,  and  cold  air  gathers  in 
the  basin.  Frosts  occurred  dining  the  first  week  of  February, 
191 2,  in  midsmnmer,  in  the  lowlands  about  the  lake,  but  probably 
they  are  not  felt  at  that  season  a  little  higher  up  on  the  terraces. 
The  grasses  and  autumn-flowering  plants  ripen  imaffected  by 
frost.  Wild  cattle,  strayed  and  descended  from  stolen  herds 
en  route  across  the  mountains  to  Chile,  are  fairly  numerous  and 
are  in  good  condition.  They  find  abundant  feed  and  shelter  in 
the  forests  and  cane  thickets. 

The  natural  routes  of  access  to  this  basin,  which  lies  off  the 
main  lines  of  travel,  are  from  Lago  Mascardi  on  the  east  and 
from  the  upper  Manso  Valley  on  the  north.  Both  lead  to  Lago 
Hess.  A  rugged  trail  now  follows  the  southern  shore  of  Lago 
Mascardi  to  the  outlet  and  proceeds  down  the  Rio  Manso  on  the 
left  bank,  avoiding  the  morasses  that  border  the  river  and  the 
little  gorges  through  which  it  flows.  No  other  path  has  yet 
been  opened,  but  from  the  north  of  Lago  Hess  low  valleys  and 
passes  extend  to  the  Rio  Manso  above  Lago  Mascardi  and  will 
be  utilized  to  open  communication  between  the  lake  and  the 
region  about  Mount  Tronador. 

The  drainage  system  of  which  Lago  Hess  and  Lago  Vidal 
Gormaz  are  the  receiving  basins  is  peculiar  in  the  zigzag  course 
taken  by  the  Rio  Manso,  which  is  the  main  stream  linking  the 
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various  dements  together.  Rising  on  Mount  Tronador,  the 
Manso  flows  southeastward  to  Lago  Mascardi;  on  leaving  that 
lake  it  runs  westward  to  Lago  Hess  and  beyond,  but  before 
reaching  Lago  Vidal  Gormaz  it  turns  sharply  back  along  the 
foot  of  a  high  range  and  takes  a  southeastward  course  to  Lago 
Steffen.  Between  the  basins  of  Lago  Hess  and  Lago  Steffen  the 
river  falls  220  meters  in  a  very  precipitous  canyon,  which  has 
been  entered  from  the  north  and  south  but  has  not  yet  been 
traversed  from  end  to  end. 

From  the  north  Lago  Hess  receives  the  Rio  Quieto,  the  outlet 
of  Lago  Fonck.  The  canyon  which  is  occupied  by  Lago  Fonck 
heads  in  the  western  Cordillera  some  distance  south  of  Mount 
Tronador  and  is  overlooked  by  Cerro  Volc&nico. 

Lago  Vidal  Gormaz  lies  at  the  foot  of  the  western  Cordillera 
and  receives  afiSuents  from  four  mountain  valleys,  two  of  which 
contain  small  lakes.  Its  outlet  is  a  small  stream  with  very 
slight  fall  entering  the  Rio  Manso  below  Lago  Hess. 

Lago  Hess  and  Lago  Vidal  Gormaz  occupy  but  a  part  of  the 
intermontane  depression  in  which  they  lie,  which  has  an  area 
of  270  square  kilometers.  Their  shores  are  in  part  low,  in  part 
higher  gravel  terraces,  which  between  the  two  lakes  surrotmd  a 
rocky  hill  about  50  meters  above  the  water  surface.  The  entire 
basin  is  a  hollow,  irr^ularly  eroded  and  partly  filled  by  glacial 
deposits. 

The  summits  of  the  western  Cordillera  and  of  its  spurs, 
which  project  into  the  depression,  are  1,600  to  1,900  meters  high 
and  are  in  part  capped  by  lava  flows  from  Mount  Tronador. 
Southeast  of  Lago  Vidal  Gormaz  is  a  range  of  rounded  hills  of 
schist,  and  southeast  of  Lago  Hess,  beyond  the  canyon  of  the 
Manso,  is  a  very  precipitous  range  of  granite  and  quartzite  which 
attains  2,200  meters  above  the  sea.  Northeast  of  Lago  Hess, 
between  the  lake  and  the  upper  Manso  Valley,  is  an  area  of 
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heavily  wooded  mountains,  traversed  by  deep,  flat-bottomed 
valleys  separated  by  low  passes.  As  none  of  these  features  are 
yet  named  they  can  be  best  distinguished  by  an  examination  of 
the  topographic  map. 

As  this  region  has  been  occupied  by  glaciers  which  reached 
more  than  600  meters  above  the  bottoms  of  the  valleys,  the 
valleys  are  fiUed  with  glacial  drift  and  the  mountain  slqpes  are 
covered  with  similar  material.  Volcanic  ash,  blown  across  the 
range  from  the  Chilean  side,  overlies  the  drift,  and  upon  this 
rich,  well-drained  soil  the  forest  grows  luxuriantly  up  to  the 
margins  of  the  precipices  that  characterize  many  of  the  heights. 
The  forest  cover  prevents  a  dose  study  of  the  distribution  of 
soils,  but  the  existence  of  certain  types  may  be  inferred  from 
the  history  of  gladation.  When  the  latest  great  glacier  had 
filled  the  valleys  and  began  to  retreat,  the  lateral  streams  that 
flowed  between  its  margin  and  the  mountain  side  built  up 
dqx>sits  of  sand  and  alluvial  soil,  which  now  form  elevated  ter- 
races and  in  places  extensive  benches.  Elsewhere,  in  lakelets 
dammed  by  the  ice  in  hollows  on  the  mountain  slopes,  finer 
deposits  of  sandy  clay  were  laid  down.  Where  the  brooks  ran 
swiftly  there  now  remain  coarser  accumulations  of  gravel.  In 
the  final  stages  of  retreat  the  glacier  left  heterogeneous  dqposits 
of  ground  moraine,  especially  in  the  valley  bottoms.  Over  all 
these  coarser  or  finer  deposits  of  gravelly  and  sandy  character 
the  volcanic  ash  was  laid  down,  partly  as  it  fell,  partly  as  it  was 
washed  down  from  higher  levels  to  flats  where  it  could  accumu- 
late. In  some  sections  it  is  a  meter  or  more  in  thickness;  in 
others  it  may  be  absent.  Thus  the  depth  of  rich  soil  and  the 
character  of  the  subsoil  vary  from  place  to  place.  They  can  be 
judged  by  the  luxuriance  of  the  forest  and  the  distribution  of 
species,  and  also  by  the  topographic  slope  of  the  surface.  There 
is  a  considerable  area  of  land  suitable  for  raising  pasture  crops. 
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A.  Laffo  Hess  and  the  Cerro  Granito  which  rises  5.000  meters  above  the  lake.    Looking  southeast  toward  the  canyon  of  the 

Rio  Manso  which  extends  to  the  right  in  the  distance  of  the  picture.  The  conical  peak  and  the  saw-tooth  ran^e  in  the  ex- 
treme right  distance  consist  of  metamorphic  quartzite  forming  part  of  the  old  basement  complex  of  the  Cordillera. 

B.  £1  Cord6n  Blanco.    The  range  on  the  eastern  side  of  the  central  valley  of  the  Andes  south  of  Lago  Nahucl  Huapf.  risin«; 

goo  meters  above  the  Pampa  del  Toro  which  is  in  the  foreground.^  The  forest  on  the  lower  slope  has  been  burned;  that 
which  still  grows  on  the  heights  consists  of  lenga  {Nothofafus  pumilio),  which  always  forms  the  upper  tree  zone  and  resists 
fire.    At  the  foot  of  the  Cord6n  Blanco,  beyond  the  hills  m  the  foreground,  is  the  deep  canyon  of  the  Rio  Villegas. 
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The  valleys  tributary  to  Lago  Hess  and  Lago  Vidal  Gonnaz 
are  covered  with  a  very  heavy  forest  growth,  which  extends 
unbroken  across  the  upper  Rio  Manso  and  southward  to  Lago 
Martin.  It  is  one  of  the  larger  areas  (and  within  the  national 
park  the  largest)  of  virgin  forest  untouched  by  fire.  The  upper 
limit  of  the  trees  is  about  1,600  meters  above  the  sea,  or  about 
870  meters  above  the  lakes,  down  to  which  the  dense  foliage  of 
the  crowns  extends  without  a  break.  The  species  are  those  com- 
mon to  all  this  r^on,  the  coihu6  and  dprfe  up  to  about  1,100 
meters  and  lenga  above  that  altitude.  Li  the  western  valleys, 
where  the  rainfall  is  greatest,  there  is  probably  a  representation 
of  the  alerce,  maniu,  and  other  species  that  prefer  the  damper 
dimate.  The  rich  soil  and  moisture  are  very  favorable  to  the 
growth  of  cane  (bamboo),  which  forms  dense  thickets  under  the 
forest  trees. 

Li  the  valleys  of  the  Manso  between  Lago  Mascardi  and  Lago 
Hess,  all  about  the  southeastern  shore  of  the  latter  and  down  the 
canyon  of  the  middle  Manso,  on  both  sides,  the  forest  has  been 
bumed.  It  was  probably  not  so  dense  originally  as  that  about 
Lago  Fonck  and  Lago  Vidal  Gormaz,  as  the  rainfall  in  this  r^on 
is  not  so  heavy.  Throughout  this  bumt  area  the  dead  trees  are 
still  standing.  A  dense  growth  of  retamo,  palopichi,  mait^, 
niri,  and  bamboo  has  sprung  up,  but  it  is  not  yet  more  than 
2  to  3  meters  high,  and  grasses  grow  luxuriantly  in  the  bums. 

The  mountain  slopes  in  which  the  Rio  Manso  and  its  tribu- 
taries have  their  sources  should  be  permanently  retained  in  for- 
est in  order  to  maintain  the  simmier  flow  in  the  river  and  diminish 
the  floods  of  winter  and  ^ring.  The  forest  is,  moreover,  one 
of  the  most  essential  elements  of  the  scenic  beauty  of  the  region, 
and  as  there  can  be  no  higher  or  more  profitable  use  of  this  area 
than  that  of  a  national  park  attractive  to  tourists,  the  preserva- 
tion of  this  forest  is  one  of  the  first  duties  of  those  who  have 
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charge  of  the  region.  In  classif}dng  the  lands  for  whatever  uses 
they  may  be  suited,  this  object  should  always  be  given  the 
preference. 

Owing  to  the  situation  of  the  region  at  the  foot  of  the  snowy 
mountains  the  smnmer  temperatures  are  cool.  The  propor- 
tion of  cloud  to  sunshine  is  larger  than  it  is  farther  east.  The 
intensity  and  duration  of  sunlight  are  not  great  Thus  fruit, 
vegetables,  or  wheat  will  not  thrive,  but  oats  may  be  grown  and 
also  the  native  grasses,  which  afford  excellent  pasture  and  ripen 
their  seeds  in  spite  of  the  frost.  Cultivation  of  these  grasses 
and  of  others  suited  to  the  conditions  will  be  profitable  in  order 
to  supply  winter  feed  to  cattle,  which  may  be  grazed  in  the 
meadows  and  forests  and  during  the  smnmer  in  the  alpine  pastures 
above  the  forest  zone.  All  lands  suitable  to  such  culture  may  be 
considered  agricultural  lands.  They  lie  at  the  lower  levels  about 
Lago  Hess  and  Lago  Vidal  Gormaz  and  in  part  are  overgrown 
with  dense  forest  and  in  part  are  maUins  with  a  growth  of  grass 
and  niri,  or  only  of  grasses.  They  also  extend  along  the  valley 
eastward  from  Lago  Hess  to  Lago  Mascardi  in  the  form  of 
mallins  interspersed  with  rocky  hillocks.  The  development  of 
these  lands  for  culture  will  require  clearing  of  the  bumt  forest 
and  draining  of  the  swamps. 

In  falling  some  290  meters  between  Lago  Mascardi  and 
Lago  Steffen  the  Rio  Manso  is  capable  of  developing  a  large 
amount  of  power.  Between  Lago  Mascardi  and  Lago  Hess  the 
fall  is  70  meters,  according  to  the  difference  of  elevation  obtained 
by  the  Comisi6n  de  Lfmites  by  barometric  observation.  This 
fall  is  distributed  in  a  number  of  cascades  and  rapids  and  as  there 
are  others  which  can  be  more  profitably  exploited,  it  will  prob- 
ably be  used  only  to  develop  power  for  local  lighting  or  for 
dairying.  The  great  fall  of  220  meters  from  Lago  Hess  to  Lago 
Steffen  may  eventually  be  developed  by  using  Lago  Hess  as  a 
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storage  reservoir  and  instelling  a  battery  of  pressure  pipes  to 
carry  the  water  under  the  high  head  of  Lago  Steffen.  The  Rio 
Manso  has  been  found  to  have  a  flow  of  40  cubic  meters  per 
second  at  low  water,  where  it  leaves  Lago  Steffen.  Estimates 
based  on  a  probable  rainfall  of  1,800  millimeters  per  annum 
over  the  drainage  basin  above  Lago  Steffen,  omitting  Lago 
Martin,  indicate  a  probable  average  flow  of  60  cubic  meters 
per  second  throughout  the  year.  The  total  fall  would  there- 
fore yield  more  than  100,000  horsepower,  possibly  150,000.  Li 
order  to  secure  an  adequate  and  constant  volume  in  case  this 
fall  should  be  used,  it  might  be  desirable  to  convert  Lago  Hess  into 
a  larger  reservoir  by  damming  the  outlet.  There  is  a  cascade 
in  the  Rio  Manso,  just  below  the  junction  of  the  streams  from 
Lago  Hess  and  Lago  Vidal  Gormaz,  where  the  river  is  divided 
by  an  island  and  flows  over  the  bedrock  between  rocky  banks. 
The  construction  at  this  point  of  a  dam  which  would  raise  the 
water  in  Lago  Hess  from  5  to  10  meters  would  not  meet  with 
any  difficulty.  The  cost  of  installation  in  the  precipitous  can- 
yon wiU  tend  to  make  this  power  more  expensive  than  that  of 
the  Villegas,  for  instance,  and  it  will  probably  be  developed 
only  when  manuf  actiuing  requires  it 

With  the  development  of  toxuist  travel,  as  well  as  of  the  pos- 
sible dairying  industry  of  the  district,  the  point  at  which  the  Rio 
Manso  enters  Lago  Hess  wiU  become  a  center  for  the  meeting 
of  roads  from  the  east,  north,  and  south  and  consequently  wUl 
be  the  principal  point  of  settlement.  There  wiU  be  a  road  from 
Lago  Mascardi  to  Lago  Hess.  It  will  also  extend  along  the  east- 
em  shore  of  Lago  Hess  and,  leaving  that  lake  at  the  northeast 
comer,  continue  to  the  upper  valley  of  the  Manso,  and  thence 
to  the  Seno  de  la  Trinidad,  at  the  base  of  Mount  Tronador,  where 
it  wiU  connect  with  the  road  from  Puerto  Blest,  on  Lago  Nahuel 
Huapf. 
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The  remoteness  of  this  district  from  communication  and  its 
situation  in  the  national  park  are  not  favorable  to  industrial 
development,  and  it  will  long  remain  only  a  resort.  Neverthe- 
less the  time  will  probably  come  when  there  wiU  be  a  market  for 
dairy  products  in  the  cities  of  the  Cordillera  and  of  the  terri- 
tories within  reach,  and  the  rich  verdure  that  will  grow  under 
the  local  climatic  conditions  will  invite  the  introduction  of  herds 
for  the  manufacture  of  milk  products.  The  transformation  of 
burnt  forests  and  swamps  into  verdant  fields  occupied  by  well- 
kept  herds  should  not  be  r^arded  as  detrimental  to  the  beauty  of 
these  lakes,  which  may  then  have  all  the  charm  of  the  En^ish 
lake  region,  set  among  the  great  heights  of  the  Andes.  In  coa- 
trast  to  the  immediate  setting  of  Lago  Hess  and  Lago  Yidal 
Gormaz  in  grassy  pastures  and  opta  groves,  dense  forests  will 
always  clothe  the  upper  slopes  up  to  the  cliffs  that  wall  the 
higher  smnmits,  and  deep  in  its  canyon  Lago  Fonck  lies  under 
precipices  and  overhanging  beeches,  now  a  dark-green  mirror, 
now  tossed  into  foam-crested  waves.  Whatever  settlements 
may  be  established  west  of  Lago  Hess,  on  or  above  Lago  Vidal 
Gormaz,  must  have  connection  with  the  road  by  a  branch  across 
the  Rio  Manso  below  Lago  Hess,  extending  into  the  Cordillera. 
There  are  passes  at  the  head  of  each  of  the  several  streams  com- 
ing down  to  Lago  Fonck  and  Lago  Vidal  Gormaz,  through  which 
trails  will  eventually  be  built  to  Chile.  It  is  possible  that  a 
trail  will  be  established  down  the  canyon  of  the  Rio  Manso  from 
Lago  Hess  to  Lago  Steffen,  but  as  no  one  has  yet  passed  through 
the  canyon  from  one  lake  to  the  other,  on  account  of  the 
obstacles  of  underbrush  and  precipices,  the  route  is  not  likely  to 
become  more  than  a  footpath. 
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Drainage  Basin  of  Lago  Martin  and  Lago  Steffen 

The  drainage  basin  of  Lago  Martin  and  Lago  Steffen  lies 
south  of  that  which  has  just  been  described,  on  the  eastern  slope 
of  the  western  Cordillera,  north  of  a  very  high  range  which 
extends  from  the  Cordillera  eastward  to  the  central  valley.  Its 
basin  opens  toward  the  east  and  yet  ingress  from  that  side  is 
difficult  on  account  of  the  precipitous  shores  of  Lago  Steffen. 
The  region  has  therefore  remained  unvisited,  and  all  the  western 
portion  above  Lago  Martin  is  still  unbroken  virgin  forest,  con- 
tinuous with  that  about  Lago  Vidal  Gormaz.  The  eastern  por- 
tion of  the  area,  however,  comprising  the  canyon  of  the  middle 
Manso,  and  the  high  range  and  valley  still  farther  east  have  been 
burned  and  the  forests  completely  destroyed.  It  is  important 
to  guard  against  further  encroachments  by  fire. 

Lago  Martin  and  Lago  Steffen  lie  220  meters  below  Lago  Hess, 
at  an  elevation  of  509  meters  above  the  sea.  The  high  moun- 
tains which  surround  Lago  Hess  extend  southward  on  either 
side  of  the  canyon  of  the  Rio  Manso  and  tower  1,500  meters 
above  the  waters  of  Lago  Martin  and  Lago  Steffen.  On  the  south 
side  of  these  lakes  the  St  Elena  Range  extends  from  east  to  west, 
and  its  peaks  also  rise  1,500  meters  above  them.  Thus  the  lakes 
lie  in  a  profound  gorge  bounded  by  precipices.  The  upper  val- 
ley of  Lago  Martin  is  a  broad  basin,  in  which  two  brooks  flow 
from  the  northern  and  westem  divides.  These  gentler  slopes 
are  very  heavily  timbered,  and  it  is  evident  that  beneath  the 
forests  there  is  a  deep  deposit  of  glacial  drift,  with  a  rich  soil  of 
volcanic  ash,  but  the  slopes  are  too  steep  to  be  useful  for  agri- 
culture. This  basin  should  therefore  alwa3rs  remain  a  forest 
reserve,  and  as  it  is  extremely  inaccessible  it  should  be  left  as 
long  as  possible  in  Its  natural  condition. 

From  Lago  Hess  to  Lago  Steffen  the  Rio  Manso  flows  in  a 
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southeasterly  course  and  falls  220  meters  in  a  precipitous  canyon. 
The  water  power  which  may  there  be  obtained  has  already  been 
described.  Other  than  this  waterpower,  there  is  no  economic 
use  to  which  this  basin  can  be  put  that  can  compare  in  value 
with  the  service  it  wiU  render  as  a  forest  reserve  and  a  resort  for 
tourists. 

Drainage  Basins  of  the  Lower  Rio  Manso  and  its  Tributaries  the 

ViUegas  and  Foyd 

The  2dgzag  course  of  the  Rio  Manso  from  its  head  in  Mount 
Tronador  to  Lago  Steffen  has  already  been  described.  Leaving 
Lago  Steffen,  the  Manso  flows  south  aroimd  the  east  end  of  the 
St.  Elena  Range  and  then  turns  abruptly  west  and  northwest  to 
the  pass  of  Cocham6,  where  it  crosses  the  boundary,  and  flows 
thence  throu^  Chile  to  the  Pacific.  At  the  point  where  it  turns 
westward,  at  the  foot  of  the  St.  Elena  Range,  it  receives  its 
tributary  the  Rio  Villegas,  which  rises  in  the  eastern  Cordillera. 
A  little  farther  down,  nearer  the  pass  of  Cocham6,  it  is  joined 
by  the  Rio  Foyd,  which  also  has  its  source  in  the  eastern  range. 
The  limit  of  the  entire  drainage  basin  which  is  here  to  be  de- 
scribed thus  extends  from  the  mountains  near  Lago  Hess  east- 
ward beyond  the  central  valley  of  the  Cordillera,  which  it  crosses 
between  Lago  GuiUelmo  and  the  Rio  Villegas.  Thence  the 
divide  rises  on  a  spur  of  the  eastern  Cordillera,  circles  around 
the  headwaters  of  the  Villegas  and  Foyd,  and  returns  westward 
south  of  the  Foyd,  where  it  again  crosses  the  longitudinal  valley 
to  the  high  snow-covered  peaks  of  the  western  range.  The  area 
is  large,  covering  1,540  square  kilometers,  and  is  more  diversified 
in  character  than  the  basin  of  the  upper  Manso,  because  it  ex- 
tends endrdy  across  the  Andes  and  indudes  the  range  of  climate 
from  west  to  east. 

The  Rio  Manso  in  its  course  from  Lago  Steffen  to  the  pass  of 
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Cocfaam6  consists  of  two  distinct  sections — that  of  the  canyon 
from  Lago  Steffen  to  its  junction  with  the  Villegas,  which  flows 
in  a  deep,  narrow  gorge,  and  that  of  the  lower  valley,  which  is 
much  wider.  The  lower  valley  of  the  Manso  holds  an  impor- 
tant relation  to  the  rest  of  the  drainage  basin,  with  reference  to 
settlement  and  cattle  raising,  as  it  is  below  the  level  of  sunmier 
frosts  and  heavy  winter  snows. 

The  Rio  Vill^as,  which  rises  in  the  eastern  Cordillera,  drains 
a  large  basin  in  that  range  and  crosses  the  central  valley  to  join 
the  Manso,  its  general  course  being  southwest  and  the  length  of 
the  stream  41  kilometers.  The  head  of  the  main  stream  is  a 
swamp  on  the  Continental  Divide  at  an  altitude  of  1,314  meters 
above  the  sea,  and  the  upper  valley  is  wide  and  well  developed. 
The  tributaries  are  brooks,  which  fall  from  high  ranges  in  deep 
ravines.  On  entering  the  central  valley  the  Villegas  turns  south- 
ward and  flows  along  the  eastern  edge  of  the  valley,  falling  rap- 
idly in  a  profound  and  crooked  canyon,  from  which  it  issues  at 
the  valley  of  the  Arroyo  Guenchup&n.  Beyond  its  junction 
with  that  stream,  in  its  lowest  stretch,  the  river  flows  westward 
to  the  Rio  Manso.  From  the  head  of  the  canyon  to  the  Rio 
Manso  the  Villegas  falls  480  meters  in  15  kilometers.  No  other 
large  stream  that  has  come  within  our  observation  in  this  r^on 
has  an  equal  fall  in  so  short  a  distance.  The  advantage  of  the 
fall  for  waterpower  may  be  obtained  in  an  even  shorter  distance 
by  a  pipe  line  leading  down  the  Valle  de  la  Mosca,  and  the  upper 
Villegas  may  be  danuned  to  form  a  storage  basin,  as  is  described 
in  a  special  report  by  W.  B.  Lewis,  who  estimates  the  available 
power  to  be  derived  from  the  turbines  at  24,300  horsepower. 
This  is  probably  a  low  estimate,  as  in  making  it  the  average  flow 
of  the  river  was  taken  at  5  cubic  meters  a  second,  an  amount 
which  may  be  considerably  exceeded. 

The  section  of  the  central  valley  which  lies  between  the 
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Foyel  and  the  Villegas  is  drained  by  the  Arroyo  Guenchup&n,  a 
small  tributary  of  the  Villegas,  which  enters  it  from  the  south- 
east. The  Arroyo  Guenchupfin  flows  through  a  comparatively 
wide  valley  bordered  by  high  gravel  terraces.  Ascending  from 
the  stream  loo  to  150  meters,  we  find  ourselves  at  about  800 
meters  above  the  sea  on  extensive  flats,  of  which  the  terraces 
are  remnants  skirting  the  mountain  sides.  The  flats  represent 
former  valleys  through  which  the  rivers  have  flowed  before  they 
cut  the  deeper  canyons  and  when  the  central  valley  was  more  or 
less  obstructed  by  glaciers  that  protruded  from  the  western  Cor- 
dillera. One  such  abandoned  channel,  formerly  occupied  by  the 
Rio  Villegas,  runs  along  the  base  of  the  Cord6n  Blanco,  from  the 
Villegas  to  the  Rio  Foyel.  It  is  now  a  level  grassy  plain,  partly 
a  swamp,  and  is  to  be  followed  from  end  to  end  by  the  proposed 
railroad  line. 

The  Rio  Foyel,  like  the  Villegas,  heads  in  the  eastern  Cordil- 
lera, where  it  has  two  principal  branches.  The  northern  branch 
rises  in  a  very  hi^  range  (at  2,000  meters);  the  southern  in  a 
deep  pass,  the  Valle  Grande,  where  there  is  a  flat  divide  between 
the  Foyel  and  the  Chubut.  The  two  join  at  the  eastern  margin 
of  the  central  valley,  where  the  main  Foyel,  Uke  the  Villegas, 
turns  south  and  falls  rapidly  in  a  deep  canyon  to  the  point  where 
it  turns  west.  Thence  it  flows  southwestward  in  a  wider  valley 
and  joins  the  Rio  Manso  near  the  lower  end  of  the  course  of  that 
stream  in  Argentina.  The  Foyd  receives  two  considerable 
tributaries  from  the  western  Cordillera,  one  of  them  being  the 
outlet  of  Lpago  Escondido,  a  lake  which  lies  hidden  at  the  foot 
of  Cerro  Ventisquero,  in  an  unexplored  district. 

Within  the  drainage  basins  of  the  lower  Manso,  Villegas,  and 
Foyel  the  western  Cordillera  is  not  a  continuous  chain  from 
north  to  south,  as  might  be  supposed;  it  is  divided  by  the  val- 
leys of  Lagos  Martin  and  Steff en,  of  the  Rio  Manso,  and  of  Lago 


Digitized  by 


Google 


LOWER  MANSO  AND  VILLEGAS  AND  FOYEL    235 

Escondido  into  several  mountain  groups.  The  group  which  lies 
north  of  the  lower  Manso  is  marked  by  several  high,  precipitous 
peaks,  two  of  which  are  Cerro  Santa  Elena  (11965  meters)  and 
Cerro  Basti6n  (2,115  meters).  Their  height  above  the  adjoin- 
ing valleys  (i|6oo  meters)  gives  them  greater  apparent  altitude 
than  that  of  others  which  are  actually  somewhat  higher.  South 
of  the  Rio  Manso  is  the  Cerro  Ventisquero  group,  with  peaks 
2,050  and  2,285  meters  above  the  sea.  Between  the  Rio  Manso 
and  the  Foyel,  on  the  western  margin  of  the  central  valley,  is 
Cerro  Foyel  (1,790  meters).  Unlike  the  mountains  of  the  west- 
em  Cordillera,  which  are  composed  of  gneiss  and  granite,  this 
peak  is  a  mass  of  lavas,  probably  belonging  geologically  at  the 
base  of  the  early  Tertiary  sediments  that  occupy  the  central 
zone. 

The  central  valley  is  a  longitudinal  depression  which  orig- 
inated in  a  fracture  of  the  mountain  masses  during  the  uplift  of 
the  Andes  and  is  bounded  on  the  east  by  a  fault  that  corresponds 
with  the  face  of  the  eastern  Cordillera.  The  valley  was  origi- 
nally eroded  in  rocks  of  varying  hardness,  resulting  in  hollows 
and  hills,  but  many  of  these  features  have  since  been  covered  by 
glacial  gravels  to  a  depth  of  300  or  400  meters.  Much  of  the 
surface  of  the  valley  is  flat,  but  the  different  flats  lie  at  various 
levels,  forming  terraces,  and  the  rocky  hills  protrude  through 
the  gravel  covering.  Thus  from  the  deep  canyons  of  the  Villegas 
and  Foyd  the  terrace  steps  rise  700  to  900  meters  above  the 
sea  and  surround  rocky  hills.  The  distribution  of  the  gravel 
deposit  is  capricious,  as  the  conditions  of  the  gladal  tongues 
determined  it,  and  there  is  therefore  no  definite  plan  of  topo- 
graphic features. 

The  eastem  Cordillera  in  this  section  of  the  Andes  is  the 
divide  between  the  Atlantic  and  Pacific  waters  and  is  quite  as 
high  as  the  westem  range,  many  peaks  attaining  1,800  to  2,000 
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meters.  The  divide  lies  well  over  to  the  eastern  margin  oi  the 
range,  which  is  about  25  kilometers  wide.  The  western  face  of 
the  eastem  CordiUera  is  precipitous  and  is  1,000  to  1,200  meters 
above  the  central  valley.  It  is  a  fault  scarp,  which  is  represented 
in  the  faces  of  the  Cord6n  Blanco  and  Cord6n  Serrucho.  The 
mountains  are  to  a  great  extent  bare  of  v^etation  at  levels  above 
1,600  meters. 

There  is  a  great  variety  of  soils  within  this  drainage  basin, 
their  character  being  determined  chiefly  by  the  local  conditions 
of  glacial  deposition  and  in  part  by  accumulations  of  volcanic 
ash.  The  flats  are  as  a  rule  somewhat  marshy,  and  the  soil 
lying  on  them  is  a  peaty  muck,  but  some  others  are  gravelly. 
The  hillsides  are  usually  covered  with  a  deq),  rich  loam,  which 
supports  a  dense  growth  of  v^etation.  In  certain  areas,  where 
the  growth  of  shrubs  is  luxuriant  and  the  soil  is  very  fine,  the 
frost  lifts  it  and  leaves  it  very  loose,  so  that  a  horse  will  sink  to 
his  knees  in  the  rich  dry  earth.  This  condition  would  disappear 
with  cultivation  and  drainage. 

The  forests  that  grew  in  this  basin  have  been  in  great  measure 
destroyed  by  fire.  The  remnants  are  limited  to  the  belt  of  lenga 
growth  above  an  altitude  of  1,100  meters  and  to  the  remote  moun- 
tain slopes  on  the  western  side  of  Lago  Escondido.  They  were 
formerly  as  extensive  as  those  above  Lago  Martin,  but  as  the 
district  has  been  accessible  from  Chile  through  the  pass  of 
Cocliam6  and  has  been  occupied  for  grazing,  the  forests  have  been 
burned  according  to  the  Qiilean  custom.  The  fires  in  the  central 
valley  occurred  so  long  ago,  probably  thirty  to  fifty  years,  that 
the  trees  of  the  former  woods  have  fallen  and  have  been  replaced 
by  a  dense  growth  of  shrubs  and  small  trees,  chiefly  niri.  Along 
both  sides  of  the  lower  Manso  the  fires  appear  to  have  been  more 
recent,  as  the  old  forest  trees  are  still  standing  in  the  under- 
growth.   The  original  forest  was  much  heavier  in  the  valleys  of 
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the  western  Cordillera  than  in  the  central  valley,  and  from  the 
central  valley  eastward  it  thinned  out  on  the  eastern  Cordillera 
to  the  limit  of  tree  growth.  The  growth  of  brush  (arbustos) 
which  has  replaced  it  in  the  central  valley  and  eastern  CordiUera 
extends  from  Lago  Guillelmo  southward  to  Lago  Pudo,  except 
where  the  lands  are  swampy  or  have  been  brought  under  cultiva- 
tion. The  brush  is  chiefly  niri,  a  stunted  Nothofagus  or  beech 
which  has  no  value  and  will  have  to  be  burned  to  dear  the  land. 
In  the  spring,  when  the  leaves  are  young,  cattle  browse  upon  it 
Retamo  and  palopichi  are  subordinate  dements  of  the  growth. 
Various  grasses  are  common  wherever  the  brush  is  not  too  thick. 
The  drainage  basin  of  the  lower  Manso  and  its  tributaries, 
the  Villegas  and  Foyd,  is  peculiarly  well  adapted  to  grazing 
because  it  comprises  lands  of  different  altitudes,  ranging  from  400 
meters  above  sea  levd  to  pastures  above  tree  line,  and  extends 
from  the  rainy  zone  of  the  westem  Cordillera,  where  v^etation 
is  luxuriant,  to  the  drier  regipn  of  the  eastern  CordiUera.  It 
would  be  desirable  that  any  grazing  privil^e  which  covered  this 
basin  should  also  indude  the  valleys  of  the  i^>per  Pichileufu 
and  Las  Bayas,  on  the  eastern  slope.  The  pasture  plants  vary 
according  to  the  humidity  and  the  altitude.  In  the  vallejrs  of 
the  westem  Cordillera  and  on  the  mountain  slopes  up  to  1,200 
meters  above  sea  levd  the  bamboo  affords  a  good  feed,  and  cattle 
bury  themsdves  in  it,  both  for  food  and  for  shdter  diuing  the 
winter.  Where  these  forests  have  been  bumed  the  native  bunch 
grass,  coir6n,  and  a  taller,  more  robust  grass,  cebadilla,  are 
abundant,  and  the  wild  pea,  alverjiUa,  grows  luxuriantly  under 
proper  conditions  of  sunli^t  and  shade.  In  the  central  valley 
and  on  the  brushy  slopes  of  the  eastern  Cordillera  the  brush  it- 
self affords  a  certain  amount  of  browsing,  and  cattle  find  grasses 
growing  in  the  interspaces  among  the  brush,  as  well  as  in  swampy 
meadows.    The  greater  part  of  the  eastem  Cordillera  has  too 
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little  rainfall  to  support  a  dense  growth  of  brush  and  is  sparsely 
covered  with  stunted  bushes  fuid  with  a  meager  growth  of  grass. 
The  sheep  range  is  limited  to  this  eastern  district,  as  the  grasses 
of  the  westem  range  are  too  soft.  The  annual  capacity  per 
l^ua  of  these  pastures  may  be  taken  at  500  head  of  cattle,  or 
in  the  eastern  part  of  the  area  at  1,800  head  of  sheep. 

The  lands  of  this  basin  should  be  classified  with  reference  to 
its  development  for  grazing.  The  lower  valley  of  the  Manso, 
on  accoimt  of  its  low  altitude  and  abundant  rainfall,  is  well 
suited  to  settlement  and  agriculture  provided  the  lands  are 
properly  drained.  As  one  of  the  main  routes  of  travel  across 
the  westem  Cordillera  to  Chile  passes  through  this  valley,  its 
future  settlement  is  practically  certain.  In  the  central  valley, 
at  altitudes  of  600  to  800  meters  above  the  sea,  there  are  con- 
siderable areas  of  land  suitable  for  raising  grasses  for  hay  but 
not  available  for  other  crc^  or  for  permanent  settlement,  on 
account  of  frequent  frosts  in  stunmer.  The  upper  valleys  of  the 
Vill^as  and  Foyel  are  not  available  for  permanent  settlement, 
as  they  are  too  high,  but  may  be  occupied  for  stunmer  grazing 
diuing  five  or  six  months  of  the  year.  The  eastern  slope  of  the 
Andes  and  the  valleys  of  the  Pichileufu  and  Las  Bayas  are 
suitable  for  occupation  and  sheep-raising  the  year  round. 

There  is  a  small  proportion  of  the  area  in  the  westem  Cor- 
dillera which  should  be  reserved  for  timber  growth,  eq)ecially 
about  Lago  Escondido  and  in  the  basin  of  the  Arroyo  Seco, 
where  the  rainfall  is  sufficient  for  the  better  species  of  trees. 
With  this  exception  the  basin  should  be  devoted  to  grazing  and 
the  settlement  incidental  to  that  industry. 

The  most  available  water  power  in  this  basin  is  that  on  the 
Rio  Villegas,  already  mentioned,  which  requires  a  dam  above 
[  the  canyon  with  a  pressure  pipe  leading  down  the  Valle  de  la 

^  Mosca.    It  is  estimated  to  be  capable  of  yielding  at  least  24,000 
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El  Bols6n  and  part  of  the  central  valley  of  the  Andes,  which  drains  by  the  Rio  Puelo  to  the  Pacific.  The  altitude  of  this 
valley  is  but  300  meters  above  sea.  while  the  adjacent  ranges  rise  to  a. 000  meters.  The  fertility  oi  the  soil  and  the  mild- 
ness of  the  climate,  together  with  its  picturesque  situation,  have  given  this  valley  a  great  reputation  as  one  of  the  garden 
spots  of  the  Cordillera. 

El  Bols6n.  Looking  northwest  across  a  wheat -field  to  the  heights  of  the  western  Cordillera  about  the  headwaters  of  the 
Rio  Azul. 
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horsepower.  A  smaller  power,  estiinated  by  Lewis  at  1,250 
horsepower,  may  be  obtained  by  placing  a  dam  in  the  canyon  of 
the  Villegas  as  a  foundation  for  the  railroad  bridge  and  would  be 
utilized  on  the  spot  for  traffic. 

The  Rio  Foyel,  like  the  Rio  Vill^as,  is  subject  to  great  fluc- 
tuations of  volume  on  account  of  the  winter  snows  and  the 
droughts  of  the  summer  in  the  eastern  Cordillera.  Its  upper 
valley  is  probably  not  well  suited  to  storage,  and  the  river  is 
therefore  not  as  available  for  the  development  of  water  power 
as  the  Villegas.  At  two  points,  however,  in  narrow  rocky  gorges, 
it  may  be  dammed  if  the  power  should  be  needed. 

The  main  line  of  communication  from  north  to  south  through 
the  Cordillera  must  pass  Lago  Guillelmo  and  continue  down 
the  central  valley  to  the  Bols6n;  it  wiU  cross  the  Villegas  just 
above  its  junction  with  the  Manso  and  there  join  the  trail  which 
now  extends  through  the  pass  of  Cochamd  to  Chile.  Contin- 
uing southward  the  main  route  wiU  go  up  the  valley  of  the 
Guenchupfin  and  across  the  hi^  gravel  terraces  to  the  Rio  Foyel; 
crossing  that  stream  it  will  extend  to  the  head  of  the  Arroyo  de 
los  RepoUos,  and  so  to  the  Bols6n.  A  branch  road  down  the 
Foyd  would  also  connect  with  the  Paso  de  Cochamd.  Toward 
the  east  are  low  parses  by  which  the  Pichileufu  or  Las  Bayas 
could  be  reached  from  the  VQlegas  or  the  Chubut  from  the 
FoyeL  The  Rio  Villegas  and  the  lower  Manso  will  probably 
constitute  the  southern  limit  of  the  national  park,  and  tourist 
travel  will  in  general  not  continue  beyond  that  limit,  but  the 
central  route  of  the  Andes  wiU  be  developed  as  an  electric  rail- 
road connecting  Nahuel  Huapf  with  the  Bols6n  and  will  supply 
communication  to  all  that  region. 
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El  Bdsdn  and  the  Tributary  Drainage  Basins  of  Rios  Quemquem- 

treu  and  Astd 

£1  Bols6n,  or  the  Big  Pocket,  is  the  lower  part  of  the  central 
valley  of  the  Andes,  just  north  of  the  forty-second  parallel  of 
latitude.  It  is  from  300  to  370  meters  above  sea  level  and  lies 
between  ranges  which  attain  from  2,000  to  2,200  meters.  Re- 
ceiving the  streams  which  flow  from  the  eastem  and  westem 
Cordilleras,  it  discharges  their  combined  volume  by  the  lower 
Quemquemtreu  into  Lago  Puelo,  whence  the  Rio  Pudo  crosses 
the  westem  Cordillera,  by  Lago  Inferior  and  Lago  Ydcho  to  the 
Pacific. 

The  limit  of  the  drainage  basin  in  Argentina  follows  the  crest 
of  the  snowy  westem  Cordillera  along  the  boundary  with  Chile, 
turns  east  across  the  central  valley  south  of  the  Rio  Foyel,  and, 
taking  the  sunmiit  of  the  eastem  Cordillera  in  the  Cerro  Serrucho, 
winds  south  along  the  divide  between  the  Pacific  and  the  Atlantic 
waters  to  latitude  42^,  where  it  returns  along  a  minor  divide  back 
to  Lago  Pudo  and  the  boundary  with  Chile.  The  area  thus 
indosed  is  968  square  kilometers. 

The  main  stream  of  this  drainage  basin  is  the  Quemquem- 
treu, which  heads  in  the  eastem  Cordillera  and  flows  southwest 
and  northwest  till  it  joins  an  equally  large  stream,  the  Arroyo 
de  los  RepoUos,  which  comes  from  the  north;  the  two  then  flow 
through  the  Bols6n  to  a  paralld  valley  known  as  the  Valle  Nuevo, 
where  they  are  joined  by  a  still  larger  stream,  the  Rio  Azul,  and 
the  combined  waters  take  a  southem  course  to  Lago  Pudo.  The 
drainage  basin  of  the  Quemquemtreu  and  the  RepoUos  is  more 
extensive  than  that  of  the  Azul,  the  areas  being  540  and  428 
kilometers  respectively,  but  the  former  streams  drain  an  area  of 
less  predpitation,  as  the  Azul  rises  in  the  snow  fields  and  gladers 
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of  the  western  Cordillera.  Although  these  valleys  have  been 
occupied  by  glaciers  there  has  been  no  striking  change  in  the 
courses  of  the  streams  as  the  result  of  gladation.  There  are  no 
lakes  in  this  system. 

The  principal  topogn^hical  divisions  of  this  drainage  basin 
are  the  western  Cordillera,  the  central  valley,  and  the  eastern 
Cordillera.  The  western  Cordillera  has  not  been  surveyed 
beyond  the  high  summits  which  mark  its  eastern  margin.  These 
are  peaks  which  rise  as  much  as  2,200  meters  above  sea  level, 
and  the  central  portion  of  the  range  is  undoubtedly  somewhat 
higher.  The  range  is  divided  by  the  deep  canyons  of  five 
streams  which  flow  eastward  and  unite  to  form  the  Rio  Azul 
at  the  eastern  base  of  the  range.  Much  of  the  summit  is  per- 
manently snow-covered.  Below  the  snow  there  is  a  zone  of  alpine 
pastures,  succeeded  by  a  belt  of  lenga  forest.  All  the  lower 
forest  down  to  the  valley  has  been  burned,  and  the  mountain 
sides  are  covered  with  brush,  except  where  they  are  too  pre- 
cipitous for  v^etation. 

The  section  of  the  central  valley  from  the  divide  south  of  the 
Foyd  to  Lago  Pudo  is  about  40  kilometers  in  length.  The 
divide  is  composed  of  gravd  terraces  which  reach  an  altitude  of 
about  1,000  meters,  and  from  it  the  surface  slopes  southward 
in  a  succession  of  flats  and  terrace  steps,  constituting  the  larger 
part  of  the  Valle  Nuevo.  The  drainage  is  not  tributary  to  the 
Azul,  as  might  be  supposed,  but  forms  a  minor  stream  known 
as  the  Arroyo  dd  Medio,  which  flows  to  the  Quemquemtreu  in 
the  valley  of  the  Bols6n. 

The  Bols6n  is  a  flat  section  of  the  valley  11  kilometers  long 
and  from  i  to  2  kilometers  wide.  It  is  peculiarly  fertile,  and  on 
account  of  its  low  altitude  enjo3rs  an  exceptionally  mild  climate. 
It  has  therefore  become  widdy  known  as  the  most  desirable 
district  in  the  southern  Andes.    The  lower  valley  of  the  Quem- 
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quemtreu  between  the  Bols6n  and  Lago  Pudo  is  filled  with  gravel 
overlain  by  a  deposit  of  fertile  soil  of  variable  thickness. 

The  eastern  Cordillera  is  divided  by  the  valley  of  the  Quem- 
quemtireu  into  two  sections,  one  of  which  corresponds  with  the 
Cord6n  Serrucho  and  the  other  with  Cerro  Piltriquitron.  The 
fault  scarp  which  forms  the  face  of  the  Cord6n  Blanco  in  the 
section  of  the  Rio  Villegas  extends  south  beyond  the  Rio  Foyel 
and  is  continued  at  the  base  of  the  Cord6n  Serrucho.  It  ap- 
pears to  divide  into  two  branches,  one  of  which  extends  south- 
east and  dies  out,  whereas  the  other  passes  west  along  the  face 
of  Cerro  Piltriquitron  beyond  the  Bols6n  toward  Lago  Pudo. 
Thus  the  eastern  Cordillera  is  composed  of  masses  which  form 
groups  of  peaks  2,000  meters  in  altitude.  The  eastern  sl<^  of 
the  Cordillera  is  drained  by  the  Arroyo  Mait^  and  by  other 
tributaries  of  the  upper  Chubut  River.  Between  the  heads  of 
the  Mait^n  and  Quemquemtreu  is  a  deep,  wide  pass,  a  wind  g^ 
representing  an  ancient  valley  of  a  stream  that  ran  across  the 
range  to  the  Chubut. 

The  soils  of  the  central  valley  are  of  three  main  types — 
river  sands  with  gravd,  fine  loam  overlying  gravd,  and  marshy 
soils.  The  river  sands  with  gravd  are  very  widdy  distributed 
throughout  the  Valle  Nuevo,  along  the  Quemquemtreu  above 
the  Bols6n,  and  also  bdow  the  Bols6n  in  the  lower  stretch  to 
Lago  Pudo.  They  form  high  benches,  lower  terraces,  and  river 
flood  plains.  They  tend  to  be  too  dry,  especially  where  they 
are  coarse  or  so  situated  as  to  be  deeply  drained.  Where  they 
are  fine  and  moist  they  constitute  excellent  grass,  grain,  and 
vegetable  soils,  being  light  and  warm. 

The  terrace  of  the  Bols6n  is  generally  covered  with  a  very 
fine  loam  of  moderate  depth  imderlain  by  coarse  gravd.  Orig- 
inally overgrown  by  dpr6s,  mait^,  and  shrubs  and  grass,  it  has 
been  completdy  deared  and  has  been  in  cultivation  for  fifteen 
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years.  As  the  soil  is  exceedingly  weU  drained  and  therefore  dry, 
irrigation  is  desirable.  The  fields  are  free  from  stumps.  Wheat 
has  been  sowed  on  this  land  continuously  and  yielded  a  good 
crop  in  191 2. 

Lands  suitable  for  agricultiure  in  this  district  may  be  divided, 
according  to  altitude  and  exposure,  into  those  which  may  be 
planted  in  vegetables  and  fruit  and  those  which  will  grow  only 
oats  or  grass.  The  former  are  free  from  frost  in  summer;  the 
latter  are  not.  In  general  the  former  lie  less  than  500  meters 
above  the  sea,  but  there  are  areas  at  higher  altitudes  up  to  700 
meters  where  frost  is  rare  and  wheat  or  the  hardier  vegetables 
may  be  grown.  There  is  still  much  to  be  learned  in  regard  to 
the  possibilities  of  these  lands.  As  a  rule  it  may  be  said  that 
the  high  areas  that  are  relatively  less  liable  to  frost  are  those 
which  slope  toward  the  west  and  are  heated  by  the  af temoon 
sun.  The  heat  radiated  from  them  during  the  night  tends  to 
keep  the  temperature  of  the  still  air  above  zero,  whereas  it  may 
fall  below  that  point  on  the  eastward-facing  slopes  and  in  deep 
hollows  where  the  air  is  heavy. 

The  lands  now  regarded  as  the  most  desirable  are  located  in 
El  Bols6n,  on  the  terrace  above  the  Quemquemtreu,  where  frost 
has  never  been  known  to  occur  in  summer  and  irrigation  is  easily 
practicable.  The  depth  and  fineness  of  the  soil  vary  locally.  The 
loam  is  coarser  toward  the  head  of  the  plain  and  changes  to  marshy 
soil  with  much  humus  in  the  lower  part.  Near  the  Quemquem- 
treu there  is  a  gravelly  zone.    The  total  area  is  2,500  hectares. 

Above  the  Bols6n,  on  the  Quemquemtreu  and  the  RepoUos, 
there  are  valley  lands  traversed  by  the  streams,  in  part  of  excel- 
lent soO,  in  part  gravelly,  which  aggr^ate  about  800  hectares 
and  are  well  situated  for  fruit  cultiure.  The  flats  can  be  easily 
irrigated  and  the  area  available  for  cultivation  may  be  increased 
by  impounding  the  flood  waters  behind  stone  walls. 
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A  portion  of  the  higher  plain  north  of  El  Bols6n,  on  the  ter- 
races above  the  Quemquemtreu  and  the  Arroyo  del  Medio,  is 
below  the  level  of  injurious  frosts  and  is  well  situated  for  good 
farming  land.  The  area  is  approximately  1,100  hectares.  It 
is  traversed  by  several  brooks,  and  the  higher  part  lies  on  a 
western  slope,  with  an  excellent  exposure  and  good  drainage. 

The  higher  plains  and  terraces  of  the  Valle  Nuevo  are  adapted 
to  growing  the  hardier  crops,  the  soil  being  a  gravelly  loam  or  a 
fine  loam  over  gravel  and  the  only  limitation  being  that  imposed 
by  light  frosts.  The  entire  slope  up  to  the  Foyel  divide  and 
over  to  the  terraces  above  that  river  will  eventually  be  brought 
imder  culture.    The  area  is  about  9,000  hectares. 

Between  El  Bols6n  and  the  Hoyo  de  Epuy6n  is  a  broad  ter- 
race which  slopes  gently  toward  the  Bols6n  from  400  down  to 
300  meters  above  the  sea.  The  soil  is  a  rich  clayey  loam  with 
abimdant  humus.  The  land  may  be  irrigated  by  small  streams 
from  the  higher  moimtains  and  its  exposure  is  an  excellent  one 
for  fruit  trees.  It  will  bec(Mne  a  zone  of  orchards.  The  upper 
portion  is  also  weU  situated  for  garden,  fruit,  or  grain  culture. 
The  area  is  about  1,300  hectares. 

The  forests  have  been  destroyed  on  both  sides  of  the  Bols6n 
and  throughout  the  Valle  Nuevo.  Here  and  there  on  the  slopes 
of  Pntriquitron  and  of  the  western  Cordillera  scattered  cipr6s 
remain.  A  dense  growth  of  underbrush  replaces  the  old  forest 
wherever  there  is  sufficient  soil. 

The  forest  was  burned  in  order  to  produce  grazing  lands,  and 
its  destruction  was  followed  by  the  usual  growth  of  shrubs  and 
grasses  on  which  cattle  pasture  in  this  r^on.  Immediately 
about  the  Bols6n  there  has  been  a  good  deal  of  overgrazing  and 
the  moimtain  slopes  are  seriously  denuded.  Higher  on  the 
western  Cordillera,  in  a  zone  which  is  much  less  accessible,  the 
grazing  is  still  good;  and  to  the  east  the  eastern  slope  of  Pil- 
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triquitron^  the  upper  valley  of  the  Quemquemtreu,  and  the  lower 
portion  of  the  eastern  Cordillera  afford  high  grazing  ground  of 
good  quality. 

Both  the  Quemquemtreu  and  the  Azul  are  swift  streams 
having  heavy  falls,  especially  the  Azul.  They  do  not,  how- 
ever, offer  good  storage  basms  and  are  not  particularly  weU 
conditioned  for  the  development  of  power. 

The  Bols6n  is  now  a  center  of  population  in  the  southern 
Andes  and  will  imdoubtedly  alwa}^  be  so,  as  it  is  almost  imique 
in  its  possibilities  of  intensive  agriculture  imder  a  mild  climate. 
The  road  from  Nahud  Huapf  southward  along  the  central  valley 
of  the  Andes  will  here  meet  two  others.  One  will  continue  by 
the  valley  of  the  Quemquemtreu,  Lago  Pudo,  and  thence  west- 
ward down  the  Rio  Pudo  in  CMe.  The  other  will  turn  south- 
eastward through  the  Hoyo  de  £puy6n  to  C3iolila  and  the 
valley  of  the  C3iubut.  The  Bols6n  will  thus  be  in  commimica- 
tion  with  the  north,  the  west,  and  the  southeast  There  is  also 
a  convenient  pass  from  the  upper  Quemquemtreu  to  the  Arroyo 
Maitdn  and  the  upper  C3iubut  River.  The  establishment  of 
the  agricultural  population  which  will  occupy  the  Bols6n  will 
lead  to  its  becoming  a  center  of  trade  and  travd.  The  Hoyo 
de  Epuy6n,  in  the  immediate  neighborhood  of  the  Bols6n  and 
practically  continuous  with  it,  is  also  destined  to  become  an 
important  center  of  settlement; 

Drainage  Basin  of  the  Rio  EpuySn;  Hoyo  de  Epuyin 

The  drainage  basin  of  the  Rio  Epuydn  lies  in  the  eastern 
Cordillera  and  extends  eastward  into  the  adjacent  margin  of  the 
tredess  ranges.  Its  outline  is  very  irr^ular,  being  formed  by 
the  divides  traced  among  high  peaks  of  the  Cordillera  and  on 
the  east  by  a  glacial  moraine,  which  separates  the  Epuy6n  and 
Chubut  rivers.    It  lies  just  south  of  latitude  42^. 
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The  drainage  system  comprises  two  distinct  parts^  which 
are  connected  by  a  very  narrow  canyon.  The  upper  section 
centers  in  Lago  Epuydn,  from  which  the  river  discharges  east- 
ward into  a  wide,  basin-like  valley,  where  it  receives  several 
tributaries  from  the  east  It  then  turns  northwestward  and, 
passing  through  the  canyon,  continues  in  the  second  section 
northwest  to  the  Hoyo  de  Epuydn,  another  basin,  in  which  it 
changes  to  a  southwest  course  to  flow  to  Lago  Puelo.  The  first 
and  second  sections  correspond  to  two  river  systems,  which  were 
formerly  distinct  but  have  become  imited  by  a  glacial  stream 
that  cut  the  canyon  across  the  intervening  divide. 

Lago  Epuy6n  is  13  kilometers  long  and  has  an  area  of  20 
kilometers.  Its  northern  and  southern  shores  are  slopes  of  preci- 
pitous moimtains;  the  western  shore  is  the  lower  ridge,  and  the 
eastern  is  a  gravel  plain  deposited  by  the  glader  that  excavated 
the  lake  basin. 

The  basin  of  the  Rio  Epuy6n  comprises  the  southern  slopes 
of  the  Cerro  Piltriquitron  and  of  the  Continental  Divide  leading 
southeast  from  that  height,  and  also  those  of  Cerro  Pirque.  The 
northern  spurs  of  the  Cerro  Cholila  are  also  drained  by  tributaries 
of  this  river.  The  summits  of  these  mountain  groups  vary  in 
altitude  from  1,800  to  2,200  meters  above  the  sea.  An  interest- 
ing topographic  feature  of  the  drainage  system  is  the  Cholila 
basin,  which  includes  all  of  the  area  lying  east  of  the  eastern 
Cordillera  and  limited  by  the  glacial  moraine.  It  corresponds 
with  the  expansion  of  the  glacial  ice  which  flowed  from  the  basin 
of  Lago  Epuy6n  and  spread  out  in  the  lower  lands  on  the  east, 
but  which  in  retreating  left  its  terminal  moraine  as  the  dividing 
ridge  between  the  Chubut  and  the  Epuy^.  For  a  time  during 
the  retreat  of  the  ice  sheet  the  basin  inclosed  by  the  moraine 
ridge  and  the  ice  was  filled  by  a  lake.  The  highest  level  of  the 
lake  is  marked  by  a  weU-defined  terrace,  which  is  strewn  with 
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A.  Hoyo  de  Epuyen.     Lookinjc  northwest  toward  EI  Bols6n.     Hoyo  de  Epuy^,  like  EI  BoIs6n,  is  a  deep  valley  characterized 

by  its  soil  and  climate  as  a  place  which  will  in  the  future  support  a  dense  population. 

B.  Lago  Epuyte,  showing  a  saw-mill  of  the  Estancia  Leleque  and  the  cipres  forest  from  which  it  is  supplied. 
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huge  bowlders,  and  the  basin  is  partly  filled  by  glacial  lake  sedi- 
ments in  which  the  streams  have  cut  channels.  During  its  tran- 
sient existence  the  lake  foimd  an  outlet  by  the  northern  margin 
of  the  glacier  across  the  low  divide  which  had  previously  sep- 
arated the  drainage  of  the  Lago  Epuydn  basin  from  the  Rio 
Epuy^,  and  the  glacial  stream  cut  the  very  narrow  canyon 
which  now  forms  the  link  between  the  two  portions  of  the  pres- 
ent Rio  Epuy6n  basin.  This  canyon  is  more  than  100  meters 
deep  and  in  certain  parts  not  over  10  meters  wide  at  the  bottom. 
In  it  the  river  falls  rapidly  in  several  cascades  and  then  issues 
into  the  wider  valley  of  the  older  Rio  Epuydn. 

The  valley  of  the  Rio  Epuydn  below  the  canyon  is  from  200 
to  300  meters  wide  and  is  floored  with  gravel  covered  with  soil, 
which  varies  considerably  in  depth.  This  valley  opens  into  the 
basin  of  the  Hoyo  de  Epuy&i,  which  is  a  flat  plain  surrounded 
by  steep  slopes  and  in  part  by  high  peaks.  A  lake  occupies  the 
lower  portion  and  the  Rio  Epuy6n  winds  through  the  Hoyo  to 
the  channel  by  which  it  flows  to  Lago  Puelo.  Its  fall  from  the 
Hoyo  to  Lago  Puelo  is  but  25  meters,  and  the  lowest  section  of 
the  valley  is  a  swamp. 

The  soils  of  this  basin  are  glacial  and  alluvial  in  origin,  with 
probably  an  admixture  of  volcanic  ash.  The  slopes  of  the  high 
mountains  are  rocky  and  barren  to  a  greater  degree  than  is  com- 
mon in  this  r^on,  but  the  lower  portions  are  covered  with 
deposits  of  gravel,  sand,  and  clay,  composed  of  the  glacial  ground 
moraine  and  of  the  alluviiun  laid  down  by  glacial  streams. 
These  deposits  constitute  terraces.  The  Cholila  Basin  is  pe- 
culiarly rich  and  fertile  in  consequence  of  the  accumulation  of 
glacial  silt  during  the  existence  of  the  lake,  from  which  a  rich 
soil  has  been  produced  by  the  growth  of  native  grasses.  The 
alluvial  soils  occur  in  the  valley  of  the  Rio  Epuydn  below  the 
canyon  and  in  the  Hoyo  de  Epuy6n.    They  are  to  a  considerable 
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extent  the  product  of  maxsh  conditions  and  consist  of  fine  silt 
mixed  with  a  large  proportion  of  humus. 

In  this  drainage  area  the  forest  is  limited  to  the  basin  of  Lago 
Epuy^y  where  it  is  represented  by  a  growth  of  coihu6  and  cipr&, 
of  moderate  density  and  size.  Renmants  of  forest  exist  on  the 
moimtains  about  the  Hoyo  de  Epuy6n  and  the  lower  valley,  but 
much  has  been  destroyed  by  fire.  The  upper  valley,  the  Basin 
of  Cholila,  lies  beyond  the  margin  of  the  forest  in  the  area  where 
the  coihu6  gives  out  and  is  replaced  by  scattered  cipr6s  and  brush. 
A  common  tree  is  the  maitdn,  which  here  and  in  the  Bols6n  grows 
to  large  size  and  has  luxuriant  crowns.  It  is  eagerly  sought  by 
cattle  for  browsing,  and  niunbers  of  the  trees  have  been  de- 
stroyed by  careless  squatters  who  have  cut  them  down  in  order 
that  the  cattle  might  be  able  to  reach  the  leaves.  The  cipr6s  of 
the  basin  of  Lago  Epuy6n  has  been  cut  imder  a  permit  given  to 
the  company  owning  the  Estanda  Leleque  to  cut  timber  for 
fencing.  The  company  established  a  sawmill  at  the  east  end 
of  Lago  Epuy6n  and  obtamed  the  logs  from  the  neighboring 
mountain  slopes. 

Sheep,  cattle,  and  goats  are  grazed  in  the  valley  of  the  Rio 
Epuy6n  and  the  Basin  of  C3iolila.  On  the  mountain  slopes  the 
feed  consists  of  the  grasses  and  shrubs  which  have  sprung  up 
since  the  fires.  In  the  Basin  of  Cholila  there  was  formerly  an 
exceedingly  heavy  growth  of  the  native  grass  coir6n,  which  is 
described  as  having  grown  to  the  height  of  a  mule's  belly;  but 
the  land  has  been  grazed  by  herds  of  sheep  imtil  the  coir6n 
has  been  killed  out  and  replaced  by  finer  grasses.  Nearly  all 
of  this  land  will  eventually  come  under  the  plow,  while  the 
mountain  slopes  will  continue  to  be  utilized  as  grazing  and 
forest  lands. 

The  agricultural  lands  of  this  district  are  rich  and  fertile  and 
will  be  cultivated  intensively,  especially  as  they  lie  at  a  low 
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altitude  (240  to  500  meters  above  the  sea)  and  with  the  exception 
of  the  higher  lands  of  the  Cholila  Basin  are  not  affected  by  frost 
in  summer.  There  is  an  area  of  about  i  joo  hectares  of  such 
lands  in  the  Hoyo  de  Epuydn  and  the  lower  valley  of  the  Rio 
Epuy^.  They  must  be  drained  but  will  then  become  exceedingly 
valuable  on  account  of  their  fertility  and  the  mild  climate  and 
adeqiiate  rainfall  of  the  locality.  There  is  abundant  water  power 
for  irrigation.  In  the  Cholila  Basin  the  area  of  lands  suitable 
for  raising  oats^  wheat,  and  grass  crops  is  about  12,300  hectares, 
most  of  it  belonging  to  the  Estanda  Leleque.  In  developing 
these  agricultural  lands  settlers  will  find  graadng  for  their  cattle 
on  the  surrounding  mountain  slopes. 

The  settlement  in  the  Hoyo  de  Epuydn  will  supplement  that 
of  the  Bols6n  in  forming  an  important  commimity  in  these  Andean 
valleys.  The  road  from  north  to  south  through  the  Andes  will 
necessarily  pass  through  both  of  them  and  will  diverge  south- 
eastward to  the  Cholila  Basin  by  the  valley  of  the  Rio  Epuydn. 
In  the  Cholila  Basin  it  will  fork  and  cme  branch  will  pass  eastward 
to  the  valley  of  the  Chubut,  the  other  turning  southwestward 
down  the  Rio  Cholila  to  the  commimity  on  the  lower  part  of  that 
stream  and  on  the  Fetaleufu.  Thus  this  basin  lies  on  the  main 
line  of  communication  which  must  be  followed  by  both  wagon 
and  electric  roads. 

There  is  opportimity  for  the  development  of  a  notable  amount 
of  power  to  be  used  in  the  Hoyo  de  Epuydn  for  local  manufac- 
turing. The  works  would  consist  of  a  dam  in  the  canyon  of  the 
Rio  Epuy&i,  to  impound  the  waters  of  the  upper  river  in  the 
basin  of  Lago  Epuy^,  and  of  a  transmission  line  about  15  kilo- 
meters long,  to  extend  to  the  Hoyo.  The  height  of  the  dam  in 
the  canyon  would  be  determined  according  to  the  amoimt  of 
power  required,  and  the  cost  of  construction  would  be  moderate 
because  of  the  extreme  narrowness  of  the  canyon  and  the  avail- 
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ability  of  the  rocky  material  for  construction.  The  volume  of 
the  river  when  measured  at  extreme  low  water  was  2  cubic  meters 
a  second,  but  the  stream  is  liable  to  great  changes,  as  half  of 
its  drainage  area  lies  in  high,  treeless  mountains,  which  are  cov- 
ered with  snow  in  winter  but  dry  in  sununer.  The  total  area 
drained  by  streams  tributary  to  the  river  above  the  dam  site  is 
520  square  kilometers.  Estimating  the  annual  precipitation  for 
the  high  western  half  of  the  basin  at  1,500  millimeters  and  that 
for  the  drier  eastern  half  at  700  millimeters,  we  get  a  total  vol- 
ume of  572,000,000  cubic  meters  for  the  annual  flow  of  the  river, 
or  15  cubic  meters  a  second  as  the  mean  flow.  The  storage  basin 
of  Lago  Epuydn,  including  the  flats  east  of  the  lake,  is  estimated 
to  have  an  area  exceeding  24,000,000  square  meters  and  if 
dammed  to  a  depth  of  25  meters  would  be  capacious  enough  to 
contain  all  the  waters  of  the  year.  The  level  of  the  water  in  the 
reservoir  would  then  rise  and  fall  about  25  meters,  if  the  dis- 
charge were  15  cubic  meters  a  second.  By  building  the  dam  to 
a  height  of  60  meters  a  constant  fall  of  35  meters  would  be 
secured  and  would  afford  7,000  metric  horsepower. 

Lago  Pudo  and  Rio  Turbio 

The  drainage  basin  of  the  Rio  Turbio,  including  that  of  its 
tributary  the  Alerzal,  is  exceedingly  mountainous  and  difficult 
of  access,  as  the  shores  of  Lago  Puelo,  into  which  the  waters  dis- 
charge, are  rugged,  and  the  valle}rs  can  be  reached  only  by  boat. 
The  soiurces  of  the  streams  lie  in  high  ranges  surmoimted  by  the 
still  higher  summits  of  Cerro  Plataforma,  Cerro  Pico  Alto,  and 
Cerro  Tres  Picos.  The  last  attains  2,600  meters  above  the  sea. 
Cerro  Cubridor  is  a  striking  mountain  with  three  peaks,  seen  in 
the  view  southward  across  Lago  Puelo.  In  the  vicinity  of  lati- 
tude 42^  20'  the  western  Cordillera  is  connected  by  a  high  con- 
tinuous ridge  with  the  representative  of  the  eastern  Cordillera, 
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the  Cord6n  C3iolila  (2,000  meters  in  altitude).  Thus  there  is  no 
central  valley  in  this  section  of  the  Andes  and  the  distinction 
between  the  eastern  and  the  western  Cordilleras  disappears.  The 
Continental  Divide  lies  east  of  the  Andes  in  the  Pampas.  The 
area  of  high  land,  lying  above  timber  line  and  composed  of  alpine 
pastures,  snow  fields,  glaciers,  and  rocky  peaks,  measiures  1,680 
kilometers.  The  vallesrs  of  the  Turbio  and  the  Alerzal  have  the 
form  of  glacial  troughs  and  are  no  doubt  floored  with  glacial 
groimd  moraine  throughout  below  the  precipices  of  the  higher 
moimtains.  As  they  lie  in  the  zone  of  heavy  rainfall  they  are 
densely  timbered  and  probably  contain,  in  addition  to  the  coihu6 
and  dprfe,  the  alerce,  which  flourishes  in  the  rainy  r^on.  The 
fact  that  the  name  of  the  river  Alerzal  is  a  derivative  of  alerce 
confirms  this  inference. 

This  region  may  be  considered  suitable  for  a  forest  reserve,  in 
winch  the  timber  should  be  exploited  and  the  virgin  growth 
converted  into  more  profitable  stands.  Grazing  might  be  car- 
ried on  when  consistent  with  forest  conditions  and  whenever 
the  area  shall  have  been  (^>ened  by  trails  so  that  cattle  may  be 
handled. 

Drainage  Basin  of  the  Alto  Chubut 

Rio  Chubut  rises  in  the  eastern  Cordillera  about  latitude 
41^  30',  flows  south  to  42^  20',  about  135  kilometers,  and  then 
turns  eastward  to  Fofocahud,  where  it  is  joined  by  the  Ror- 
quinco  and  Rio  Chico.  Winding  thence  southeastward  it  piu:- 
sues  its  course  across  the  continent  to  the  Atlantic.  In  this 
description  we  deal  only  with  that  upper  section  of  the  river 
which  lies  above  Fofocahuel,  the  Alto  Chubut. 

Between  latitudes  41^  30'  and  41^  50'  the  eastem  Cordillera 
is  an  elevated  mountain  mass,  25  to  30  kilometers  across,  in 
which  the  Foyd,  the  Alto  Chubut,  and  several  minor  streams 
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gather  their  waters.  The  Foyel  flows  west  The  Chubut  runs 
straight  from  north  to  south  in  a  deep  canyon,  and  the  Continen- 
tal Divide  lies  between  it  and  the  Foyd  in  a  range  known  on  the 
maps  as  Cerros  Nevados  and  the  Mogote  Nevado.  On  the  east 
the  basin  of  the  Chubut  is  limited  by  mountains  which  are  nearly 
as  high  as  those  on  the  west  but  are  not  snow  covered.  From 
their  slopes  streams  run  eastward  to  the  Rorquinco. 

Being  a  part  of  the  eastern  Cordillera  and  lying  even  east 
of  its  higher  stunmits,  the  Chubut  receives  notably  less  precipi- 
tation than  the  western  vallesrs.  ^thin  the  drainage  basin 
itself  the  rain  and  snowfall  vary  widely.  On  the  high  snowy 
slopes  of  the  Cerros  Nevados  it  may  attain  i,8oo  millimeters  a 
year,  whereas  in  the  eastem  ranges  it  may  diminish  to  700  milli- 
meters or  less.  The  aspect  of  the  country  and  the  v^etation 
varies  accordingly.  In  general  grass  covers  all  the  mountain 
slopes  up  to  1,600  meters  above  the  sea,  or  perhaps  higher,  and 
extends  into  all  the  angles  of  the  precipices  and  rocky  peaks. 
There  are  no  extensive  forests,  but  though  the  dense  woods  of 
the  western  Cordillera  are  wanting,  groves  of  lenga  are  found 
in  sheltered  hollows,  especially  on  the  southeast  sides  of  the 
Cerros  Nevados  and  the  Mogote  Nevado.  East  of  the  Chubut 
they  become  very  meager.  These  groves  are  composed  of  young 
vigorous  trees  and  are  almost  free  of  underbrush.  The  groimd 
is  covered  with  grass  of  varieties  peculiar  to  the  shade  and  mois- 
tiure  of  the  forest.  The  groves  are  important  in  that  they  hold 
back  the  melting  snows,  diminish  the  floods,  and  maintain  the 
flow  of  water  at  low  stages  in  the  Rio  Chubut.  They  should 
never  be  destroyed. 

The  uppermost  section  of  the  Chubut,  north  01  41^  50', 
flows  in  the  depths  of  a  profound  canyon,  through  a  pictiuresque 
country  of  wild  gorges  and  precipitous  peaks.  Some  stretches 
of  the  canyon  are  inaccessible,  where  the  bridle  path  winds  high 
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on  the  mountain  side;  in  others  it  opens  into  wider  valleys. 
The  narrower  gorges  are  cut  through  masses  of  dark-colored, 
deep  brown  or  red  lavas,  or  through  gray  granites.  In  the 
extreme  headwaters,  at  the  base  of  the  Cerros  Nevados,  a  mass  of 
soft  sandstones  is  inlaid  in  the  ranges,  and  there  a  sunny  valley 
with  rich  pasture  unexpectedly  opens  before  the  explorer  and 
his  footsore  horses,  weary  of  climbing  among  the  rocks. 

Few  persons  penetrate  into  the  fastnesses  of  the  Alto  Chubut. 
Shepherds  rarely  wander  among  the  cliffs  and  canyons.  The  pas- 
tures are  but  little  used  and  resemble  those  which  are  described 
as  having  prevailed  in  all  the  lower  valley  and  adjacent  regions 
but  which  are  now  less  luxuriant  because  of  constant  grazing. 

That  portion  of  the  Alto  Chubut  valley  which  lies  south  of 
41^  50'  and  extends  east  to  Fofocahuel,  in  latitude  42^  20',  is 
very  unlike  the  canyon  of  the  headwaters.  It  is  a  wide  plain  of 
gravel  and  fine  soil,  overgrown  only  with  grass  and  low  shrubs. 
High  mountains  range  along  the  east  side,  broken  by  the  Paso  de 
Apichig,  a  wide  gap  that  leads  to  eastern  valle}^  and  the  Rio 
Rorquinco.  On  the  west  also,  but  at  some  distance,  there  are 
high  sierras  which  are  traversed  by  the  deep  wind  gs^  of  the 
Valle  Grande,  of  the  pass  between  the  Arroyo  Mait&i  and  the 
Quemquemtreu,  and  of  the  passes  into  the  C3iolila  Basin. 

Extending  south  through  the  section  known  as  Mait6n,  the 
wide  valley  is  directed  toward  the  high  ridge  of  the  Cord6n 
Leleque,  especially  steep  on  its  east  side,  above  the  valley  and 
estanda  of  Leleque.  On  approaching  the  north  end  of  the 
Cord6n  the  Rio  Chubut  diverges  eastward  and,  leaving  the  Cor- 
dillera, enters  upon  its  course  across  the  plateau  of  the  treeless 
Pampas  to  the  Atlantic.  It  continues  through  a  broad  valley 
floored  with  gravel  deposits  to  Fofocahuel,  where  it  receives  the 
Rorquinco  and  Rio  Chico,  and  thence  turns  southward  into  a 
canyon. 
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The  Estanda  Ldeque  is  a  center  of  especial  interest  as  the 
headquarters  of  a  land  company  which  has  been  established 
twenty-five  years  and  has  been  very  successful  in  raising  sheep^ 
cattle,  horses,  and  mules.  The  property  and  leased  lands  of 
the  company,  comprising  more  than  loo  leguas  (over  i,ooo 
square  miles),  cover  the  C3iubut  valley  from  Fofocahud  up  to 
the  head  of  the  plains  of  Mait&i,  extend  westward  across  the 
C3io]ila  Basin  toward  Lago  Epuydn,  and  on  the  south  occupy 
the  valle3rs  at  the  eastern  base  of  the  Cord6n  Leleque  and  the 
Cord6n  Esgud.  From  north  to  south  the  properties  occupy 
the  vallesrs  and  foothiUs  from  latitude  41^  50'  nearly  to  43^ 

The  Leleque  property  has  until  recently  been  operated 
wholly  as  a  grazing  ranch  and  as  such  has  been  very  successful. 
Within  the  last  few  years  the  directors  have  allowed  the  manager, 
Mr.  Hackett,  to  imdertake  experiments  in  farming,  which  through 
wise  planning  have  been  carried  out  at  moderate  cost  yet 
rather  extensivdy  and  in  some  variety.  Grain  crops,  chiefly 
wheat  and  oats,  have  been  grown  with  good  success,  and  alfalfa 
has  been  raised  both  with  and  without  irrigation.  Fruit  trees 
and  a  great  variety  of  evergreens  have  been  set  out.  Incomplete 
though  these  experiments  are  as  yet,  they  bring  out  some  facts 
of  interest. 

The  cultivated  lands  lie  in  the  valley  of  the  Rio  Chubut  and 
in  that  of  the  Arroyo  Ldeque,  a  small  tributary  to  the  C3iubut, 
and  also  in  the  Chollla  Basin,  which  is  nearer  Lago  Epuy6n. 
They  lie  on  both  sides  of  the  eastern  Cordillera,  which  consists 
of  the  Cord6n  Leleque  (2,100  meters)  and  the  mountains  east  of 
it,  through  which  the  C3iubut  flows.  The  Giolila  Basin,  l}dng 
farther  west,  recdves  more  rain  than  the  valley  of  the  Arroyo 
Ldeque,  and  the  Ldeque  valley  in  turn  recdves  more  than  falls 
in  the  eastern  valley  of  the  Chubut  toward  Fofocahud.  Irri- 
gation is  usually  unnecessary  in  the  Cholila  Basin  but  is  advan- 
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Drilling  wheat  on  the  Estancia  Leleque. 

The  valley  of  Esguel  in  the  colony  of  i6  de  Octubre. 


Harvesting  wheat  near  the  town  of  Esguel. 
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tageous  in  the  Ldeque  valley  and  essential  in  the  eastern  Chubut 
valley. 

The  soils  of  the  different  areas  are  very  unlike.  That  of  the 
Cholila  Basin  is  a  fine  silty  or  sandy  loam  varying  according 
to  its  location^  composed  of  glacial  silt  and  sand  deposited  in  a 
formerly  existing  lake.  The  soil  of  the  Ldeque  valley  is  of  the 
type  which  has  been  described  in  the  section  on  the  Pampas  as 
'^mallin"  soil.  It  is  wind-blown  dust  mingled  with  a  notable 
proportion  of  humus,  forming  a  very  fine  grained,  black  swamp 
soil.  The  Chubut  valley  is  floored  with  alluvial  deposits  con- 
taining a  large  proportion  of  gravel.  The  finer  soils  are  locally 
covered  with  the  layer  of  gravel,  which  remains  as  an  accumu- 
lation on  the  surface  where  the  winds  sweep  it,  and  the  plains 
therefore  appear  more  stony  than  the  soil  actually  is.  In  some 
sections,  especially  about  Fofocahuel,  there  are  large  areas  of 
fine  sandy  loam. 

The  varied  conditions  of  rainfall  and  soil  produce  great 
differences  in  the  agricultural  possibilities  of  these  nearly  related 
areas.  Exposure  to  wind  or  shelter  from  it  is  also  a  factor  of 
much  importance.  The  winds  are  least  strong  in  the  Cholila 
Basin,  locally  severe  in  the  less  protected  parts  of  the  Ldeque 
valley,  and  more  trying  for  crops  in  the  narrower  sections  of 
the  Chubut  valley  above  FofocahueL 

In  the  Cholila  section  the  lands  that  have  been  successfully 
cultivated  form  part  of  about  2,500  or  3,000  hectares  which  lie 
within  the  basin  of  the  extinct  lake  and  constitute  for  this  region 
an  exceptional  area,  although  there  are  others  of  similar  origin 
farther  south.  Lying  between  500  and  700  meters  above  the 
sea,  they  are  near  the  upper  limit  of  successful  cultivation,  on 
account  of  occasional  summer  frosts,  and  are  best  suited  to  the 
hardier  crops.  Oats  and  alfalfa  have  been  successfully  grown, 
the  former  yidding  66  bushels  to  the  acre  and  the  latter  three 
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cuttings  of  hay.  Agriculture  in  that  section  is  past  the  ex- 
perimental stage. 

In  the  Leleque  valley,  where  the  lands  were  originally  swampy 
during  the  wet  season,  yet  exceedingly  dry  when  dried  out,  the 
problem  of  cultivation  embraces  both  drainage  and  irrigation. 
As  the  conditions  are  characteristic  of  the  valleys  of  the  eastern 
margin  of  the  Andes,  they  may  be  described  in  some  detail.  A 
deep  section  of  the  ground  of  the  Leleque  valley  shows  fine  soil 
from  I  to  2  meters  or  more  thick,  underlain  by  a  mass  of  coarse 
gravel.  The  gravel  is  filled  with  water  to  the  bottom  of  the  soil. 
The  soil  next  to  the  gravel  and  for  a  considerable  height  above 
it  is  usually  dry.  The  superficial  soil  is  wet  or  dry  according  to 
the  amoimt  of  rain  which  falls  during  the  season.  The  deep 
fine  soil,  being  composed  of  small  particles  of  wind-blown  dust, 
which  vary  in  size  among  themselves  and  are  closely  packed, 
forms  a  dense  layer  that  can  absorb  but  a  small  amoimt  of 
moisture  and  does  not  allow  the  surface  water  to  penetrate 
deeply.  Nevertheless,  when  saturated  the  fine  soil  makes  a 
liquid  mud  and  becomes  a  bog.  This  is  a  characteristic  of  eoUan 
soils,  when  the  particles  are  fine  enough  to  be  readily  suspended 
in  water,  and  is  a  condition  which  is  aggravated  by  the  large 
proportion  of  hiunus.  If  cultivated  when  too  wet  this  soil 
dries  in  clods  and  loses  its  ^^ optimum"  or  best  condition  of  tilth. 
It  is  also  acid  and  would  be  improved  by  treatment  with  lime. 

In  cultivating  this  soil  without  irrigation  it  should  be  broken 
up  by  deep  plowing  to  provide  space  for  water  to  accumtilate. 
At  Leleque  the  plowing  has  been  done  with  disk  harrows,  pen- 
etrating from  4  to  6  inches  only.  It  has  been  difficult  to  get 
plowmen  who  would  or  could  plow  deeper,  the  labor  being  in- 
efficient and  the  soils  when  dry  enough  to  plow  being  hard  and 
tough.  Nevertheless  good  crops  of  wheat  and  oats  have  been 
grown.    The  degree  of  success  obtained  imder  these  conditions 
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depends  on  the  rainfall  during  the  growing  season,  as  the  super- 
ficial cultivation  supplies  no  adequate  reservoir  for  storage  of 
the  winter  precipitation. 

An  attempt  to  grow  alfalfa  in  these  mallin  lands  without 
irrigation  had  not  yet  given  a  satisfactory  result  in  May,  1913, 
four  years  after  planting,  cm  account  of  lack  of  sufficient  mois- 
ture within  reach  of  the  roots.  The  first  year  a  good  stand  was 
obtained.  Rains  fell  in  January  and  a  satisfactory  cut  was 
harvested.  Since  then  the  plants  have  each  spring  come  up 
thriftily,  grown  a  foot  high,  turned  yellow,  and  withered.  Ex- 
amination showed  that  the  roots  had  penetrated  a  meter  and  a 
half  in  the  dense  mallin  soil  and  were  within  half  a  meter  of  the 
abundant  supply  of  water  in  the  gravels;  but  below  the  super- 
ficial two  or  three  feet  wet  by  the  rains  their  growth  must,  for 
lack  of  moisture,  be  very  slow  and  might  practically  cease. 
The  plants  in  the  meantime  can  grow  only  just  so  much  as  the 
water  in  the  upper  layers  allows.  The  roots  need  to  get  down 
to  the  gravel  Individual  plants  which,  following  old  roots  of 
the  native  shrubs  or  favored  by  locally  more  porous  soil,  have 
reached  the  gravel  show  a  vigorous  growth. 

To  secure  good  alfalfa  crops  from  fields  of  this  natiure  the 
growth  of  the  roots  must  be  hastened  by  supplying  water  to 
them.  A  method  which  has  not  been  tried  but  which  might  be 
successful  is  that  of  breaking  up  the  dense  mallin  soil  by  dyna- 
mite. Cartridges  of  25  per  cent  dynamite  are  suggested  and 
should  be  placed  in  holes  5  meters  apart,  one  cartridge  in  each 
hole,  6  inches  above  the  gravel  bed.  The  effect  should  be  to 
break  the  dense  mallin  soil  in  its  lower  part  to  permit  the  waters 
to  rise  and  enable  the  roots  to  penetrate. 

Temporary  irrigation  is  another  method  and  one  which  has 
been  demonstrated  by  growing  alfalfa  imder  irrigation  at  Le- 
leque.    Irrigated  alfalfa  plants  one  and  a  half  to  two  years  old 
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have  roots  as  deep  as  those  which  have  grown  four  years  without 
irrigation.  They  also  jdeld  three  crc^,  whereas  the  unirrigated 
plants  3deld  none.  By  means  of  judicious  irrigation  the  ground 
is  deeply  softened,  the  plant  is  made  more  vigorous,  and  the 
deeper  roots  are  supplied  with  moisture  to  grow  and  p^etrate 
more  rapidly.  In  three  or  four  years  the  irrigated  plants  should 
have  reached  the  water-bearing  gravels  and  be  permanently 
established.  It  has  not  yet  been  ascertained  whether  continued 
irrigation  of  the  established  alfalfa  field  will  pay  or  not.  Obser- 
vations at  Ldeque,  based  on  the  individual  four-year-old  plants 
that  are  rooted  in  the  gravel,  indicate  that  two  crops  a  year  may 
be  cut  from  the  unirrigated  fields,  whereas  those  under  irriga- 
tion yield  three  crops.  Whether  this  ratio  will  prove  to  be 
correct  or  general  remains  to  be  seen. 

Temporary  rather  than  permanent  irrigation  may  be  neces- 
sary where  the  conditions  are  not  favorable  for  the  installation 
of  canals  at  reasonable  cost.  Under  such  conditions  an  area 
of  lo  hectares  may  be  irrigated  from  a  driven  well  and  windmill 
until  the  crop  becomes  established.  The  field  may  then  be 
extended  by  moving  the  windmill  to  a  new  well,  and  in  that  way 
a  large  area  may  be  brought  under  cultivation  with  but  moderate 
investment  in  works. 

In  the  Giubut  valley  attempts  to  grow  crops  without  irriga- 
tion are  likely  to  fail  because  of  the  porosity  of  the  gravelly  soil 
and  the  scarcity  of  rain.  The  level  of  groimd  water  is  near  the 
surface — ^within  a  meter,  more  or  less — and  so  within  reach  of 
deep-rooted  crops,  but  the  superficial  soil  is  usxially  too  dry  to 
allow  them  to  reach  it.  Grain  may  mature  if  favored  by  spring 
rains.  Irrigation  of  the  plains  along  the  Chubut  has  not  been 
carried  out  but  would  not  be  difficult.  From  Mait6n  to  Fofoca- 
huel  the  river  has  a  steady  fall  which,  though  not  yet  determined 
by  leveling,  appears  to  be  amply  sufficient  to  carry  the  waters 
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by  diversion  ditches  over  the  entire  flood  plain.  The  volume  of 
water  carried  by  the  Chubut  varies  greatly  and  is  least  at  the 
season  when  most  is  needed  for  irrigation.  While  the  higher 
waters  of  autimm  and  spring  are  allowed  to  run  to  waste  only 
a  small  part  of  the  land  that  is  within  reach  of  canals  can  be 
irrigated.  If  the  waters  were  stored  and  the  flow  regulated^  all 
the  valley  might  be  brought  under  cultivation.  There  are  no 
adequate  data  for  a  definite  estimate  of  the  amoimt  of  water 
that  the  river  discharges  annually,  but  we  may  take  the  drainage 
area  above  Leleque  at  2,000  square  kilometers,  the  average 
annual  precipitation  at  750  millimeters,  and  the  run-off  at  60 
per  cent  of  the  precipitation.  Then  the  total  annual  discharge 
of  the  Rio  Chubut  would  be  about  900,000,000  cubic  meters,  or 
30  cubic  meters  a  second  as  a  mean.  Allowing  for  irrigation 
10,000  cubic  meters  a  year  for  each  hectare,  equal  to  a  depth  of 
water  of  i  meter  over  the  surface,  we  should  have  water  avail- 
able to  irrigate  90,000  hectares,  or,  if  one-half  were  lost  in  evap- 
oration and  seepage,  for  45,000  hectares.  The  irrigable  lands 
above  Fofocahuel  may  cover  as  much  as  36,000  hectares  but 
would  not  exhaust  the  available  water,  provided  the  river  can 
be  dammed  in  a  sufficient  basin.  Siurveys  to  test  this  question 
have  yet  to  be  made  and  should  form  part  of  a  general  survey 
of  the  entire  drainage  basin  of  the  Chubut  from  its  mouth  to 
its  source.  The  Chubut  is  second  only  to  the  Rio  Negro  in 
importance  to  the  settlement  of  Patagonia,  and  the  storage  and 
utilization  of  its  waters  constitute  a  problem  which  is  of  far 
more  than  local  interest. 

In  the  Estanda  Leleque  certain  other  lands,  different  from 
any  that  have  been  described,  have  been  cultivated  and  are 
typical  of  areas  to  be  f oimd  along  the  eastern  slopes  of  the  Andes. 
They  lie  at  the  foot  of  the  Cord6n  Leleque.  Streams  descend- 
ing from  the  ravines  of  the  mountains  have  spread  gravel  and 
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sand  in  broad,  flat  alluvial  fans,  which  are  now  more  or  less  deeply 
covered  by  soil  washed  or  blown  over  them.  During  the  spring 
and  early  smnmer  these  lands  have  abimdant  moisture  to  mature 
grain  crops.  Later  in  the  season  they  dry  out  and  alfalfa  grow- 
ing on  them  withers,  as  it  does  in  the  mallins  without  irrigation. 
It  appears  that  the  roots  have  not  been  able  to  get  down  to  the 
depth  to  which  the  water  table  sinks  in  January  or  February, 
though  they  imdoubtedly  would  reach  it  if  supplied  with  mois- 
ture by  temporary  irrigation. 

ChclUa  VaUey  and  Upper  Rio  Fetdeufu 

South  of  the  great  mountain  mass  of  Cerro  Tres  Picos  and 
Cord6n  Cholila  lies  a  depression  which  extends  east  and  west, 
corresponding  with  the  valleys  of  two  streams  which  unite  in  it 
and  flow  southward  from  it.  One  of  these  streams  is  the  Cholila, 
which  flows  southwestward,  and  the  other  the  Fetaleufu  (Big 
River),  which  runs  eastward  to  the  point  where  it  is  joined  by 
the  Cholila.  Below  the  jimction  the  Fetaleufu  flows  south- 
westward  to  Lago  Rivadavia.  The  two  valleys  are  quite  dis- 
tinct in  character,  that  of  the  upper  Fetaleufu  being  a  canyon 
and  glacial  trough,  lying  between  moimtain  ranges  from  2,000 
to  2,600  meters  in  altitude  above  the  sea  and  ending  in  Lago 
Cholila,  while  the  Cholila  valley  is  a  wide  depression  eroded  in 
soft  rocks  and  more  or  less  filled  with  glacial  deposits.  The 
former  lies  in  the  rainy  zone  and  is  heavily  timbered;  the  latter 
lies  east  of  the  area  of  heavier  rains  and  is  generally  covered  with 
brush  or  grass  without  trees. 

The  Cholila  valley  is  distinct  from  the  Cholila  Basin,  which 
has  already  been  described  as  the  area  east  of  Lago  Epuy£n 
formerly  filled  by  a  glacial  lake.  Between  the  valley  and  the  basin 
is  a  moraine  ridge,  which  was  built  up  by  the  glacier  that  once 
occupied  the  basin  and,  retreating,  caused  the  formation  of  the 
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lake.  South  of  the  moraine  is  a  gravel  plain,  the  outwash  plain 
of  the  glacier,  which  slopes  southward  toward  the  Giolila  valley. 
On  account  of  its  situation  west  of  the  prominent  Cord6n  Cholila, 
and  because  of  the  deep  drainage  of  the  gravels  of  which  it  is 
composed,  the  plain  is  exceedingly  arid  and  fit  only  for  sheep 
pasture.    It  forms  part  of  the  lands  of  the  Ldeque  estanda. 

The  Cholila  valley  may  be  described  as  that  broad  area  which 
lies  south  of  the  Cord6n  Cholila  and  west  of  the  Cord6n  Ldeque, 
including  all  the  drainage  basin  of  the  Rio  Cholila  and  its  tribu- 
taries. It  has  an  area  of  662  square  kilometers.  The  traveler, 
approaching  it  across  the  gravel  plain  that  stretches  between  it 
and  the  Cholila  Basin,  looks  off  over  it  as  from  a  high  terrace. 
Deep  hollows  and  high  ridges  break  the  surface  of  the  lower  land, 
which  is  overgrown  with  grass  or  bushes  according  to  the  condi- 
tions of  soil  and  drainage. 

In  this  area  three  longitudinal  valleys  extend  parallel  to 
one  another  from  northeast  to  southeast.  The  central  one  car- 
ries the  Rio  Cholila,  which  rises  in  two  branches  on  the  Cord6n 
Cholila  and  flows  across  the  upper  valley  to  its  longitudinal 
channel.  It  crosses  the  extension  of  the  hollow  of  Lago  Lecascar 
yet  does  not  receive  the  waters  of  the  lake  at  that  point,  as 
would  seem  most  natural,  for  the  lake  discharges  from  its  side 
across  a  ridge  to  the  river.  This  anomaly  finds  its  explanation 
in  the  former  interference  of  gladers  with  the  courses  of  streams 
in  the  older  valleys  of  erosion.  The  third  longitudinal  valley 
is  that  of  the  Arroyo  Las  Nutrias,  with  the  Lago  de  los  Mosquitos. 
It  heads  in  a  low  pass  on  the  Continental  Divide  north  of  the 
Cord6n  Ldeque  and  receives  all  the  streams  which  flow  from  the 
western  slope  of  that  range. 

The  ridges  which  divide  the  Cholila  valley  are  in  part  gravd 
terraces,  in  part  rocky  spurs,  and  attain  an  altitude  of  900  to 
1,000  meters  above  the  sea,  or  400  to  500  meters  above  the  low- 
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lands.  As  seen  from  the  lowlands  they  are  features  of  strong 
relief,  but  in  contrast  to  the  great  heights  of  the  adjacent  Cord6n 
Cholila  and  Cord6n  Leleque  they  are  minor  irr^ularities  of  the 
broad  Cholila  valley.  They  are  somewhat  arid  and  not  suited 
to  agriculture  but  are  good  grazing  lands. 

The  Cholila  valley  as  a  whole  will  become  the  seat  of  an 
agricultural  and  pastoral  conmiunity  of  importance,  to  be  ranked 
with  that  of  the  Bols6n  and  Hoyo  or  with  that  of  the  Colonia 
i6  de  Octubre.  The  lands  about  Lago  Lecascar,  along  the  Rio 
Cholila,  and  on  its  tributary  the  Arroyo  Las  Nutrias  wiU  be  cul- 
tivated in  grain  crops,  hardy  vegetables,  and  possibly  in  hardy 
fruit  trees.  The  variety  will  probably  be  limited  by  frosts, 
which  are  said  to  occur  in  late  spring  and  early  autimm.  There 
is,  however,  but  little  definite  information  available  about  the 
frosts,  and  areas  which  have  a  warm  exposure  and  are  not  too 
low  may  be  free  from  them. 

The  district  of  the  upper  valley  of  the  Rio  Cholila  and  Lago 
Lecascar  is  in  general  swampy  and  overgrown  with  reeds,  cane, 
or  shrubs,  whose  dense  stand  indicates  fertile  soiL  There  has  been 
no  cultivation,  but  when  drained  and  cleared  the  area  will  become 
rich  agricultural  land.  The  middle  part  of  the  Cholila  valley, 
above  the  junction  with  the  Arroyo  Las  Nutrias,  is  open  and  grassy 
except  for  the  zone  of  niri  bushes  that  grow  like  alders  along  the 
meandering  stream.  The  valley  has  the  aspect  of  rich  meadow 
land.  Herds  of  cattle  graze  over  it  from  the  hill  slopes  to  the 
marshes  that  occupy  the  lower-lying  portions.  It  also,  as  the 
demand  for  agricultural  crops  increases,  will  be  drained  and 
converted  into  farms.  The  soil  is  a  fine  sandy  loam,  mingled 
with  humus  in  the  swampy  areas.  The  valley  of  the  Arroyo 
Las  Nutrias  resembles  the  Cholila  valley  up  to  Lago  de  los 
Mosquitos,  above  which  it  is  filled  with  rich  alluvial  soil  and  is 
generally  swampy. 
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A.  Chilean  natives  of  the  southern  Andes. 

B.  Settler's  family. 
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The  total  area  of  the  agricultural  lands  in  the  three  longi- 
tudinal depressions  of  Lago  Lecascar,  Rio  Cholila,  and  Arroyo 
Las  Nutrias  is  estimated  at  9,800  hectares.  Drainage  wiU  be 
necessary  for  much  of  the  area  before  it  can  be  cultivated,  and 
when  drained  the  lands  will  be  benefited  by  irrigation.  The 
Rio  Giolila  is  not  a  large  stream,  its  average  flow  being  perhaps 
3  cubic  meters  a  second,  but  it  will  probably  serve  to  irrigate  all 
the  lands  that  can  be  reached  by  its  waters.  A  detailed  survey 
of  the  valley  and  measurements  of  the  stream  are  required  to 
develop  the  possibilities. 

Lago  del  Cisne  and  another  small  lake  lie  in  an  isolated  de- 
pression without  outlet,  into  which  a  fine  clayey  loam  has  been 
washed.  A  good  soil  for  grain  has  thus  been  formed,  and  wheat 
fields  are  in  cultivation  in  the  hollow.  East  of  Lago  de  los 
Mosquitos  there  are  two  high  terraces  with  an  aggr^ate  area 
of  2,100  hectares,  covered  with  a  soil  of  fine  sandy  loam,  which 
is  being  successfully  cultivated  in  wheat. 

The  lower  part  of  the  valley  of  the  Rio  Cholila,  from  the 
junction  with  the  Arroyo  Las  Nutrias  to  the  Fetaleuf u,  is  a  rich 
river  plain  of  fine  3andy  or  clayey  loam.  It  is  extensively  grown 
up  in  thomy  bushes  and  weeds  or  is  bare  of  v^etation.  This 
condition  has  replaced  the  former  growth  of  pasture  grasses  that 
are  said  to  have  reached  above  a  mule's  belly,  and  is  the  result 
of  constant  and  excessive  grazing  during  the  last  fifteen  years. 
Inasmuch  as  these  rich  valley  lands  belong  to  the  Government 
and  are  therefore  open  to  all  comers,  they  have  been  occupied  by 
squatters,  each  of  whom  sought  to  get  all  he  could  out  of  them. 
During  both  winter  and  smnmer  flocks  crowd  into  the  valley 
and  every  available  plant  is  eaten  to  the  roots.  The  pasture 
never  comes  to  seed,  whereas  the  weeds  seed  and  spread.  Thus 
the  useful  is  exterminated  and  the  useless  helped  to  take  its  place. 
Whenever  the  land  is  brought  under  cultivation  it  will  easily  be 
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redeemed  to  use,  but  until  then  this  section  will  remain  an  object 
lesson  in  the  evil  results  of  squatter  occupation. 

There  are  no  forests  in  the  Giolila  valley,  with  the  excq>tion 
of  scattered  lenga  groves  in  the  ravines  of  the  Cord6n  Cholila 
and  dprfe  growing  on  the  spur  of  the  ridge  between  the  Rio 
Cholila  and  the  Arroyo  Las  Nutrias.  Growths  of  niri,  mait6n, 
and  retama  grow  along  the  streams,  and  in  various  places  on 
the  hillsides  there  are  thickets  of  small  bushes. 

The  headwater  stream  of  the  Rio  Fetaleufu,  which  follows  a 
long  and  tortuous  coiurse  to  the  Pacific  Ocean,  is  known  as  the 
Rio  Tigre.  The  Tigre  rises  in  the  heights  of  the  westem  Cor- 
dillera, which  reach  2,400  meters  above  the  sea,  and  falls  very 
rapidly  to  Lago  Cholila,  whose  altitude  is  but  530  meters.  The 
canyon  is  parallel  with  that  of  the  Rio  Turbio,  and  the  two 
rivers,  the  Tigre  and  the  Turbio,  drain  req)ectively  the  south 
and  the  north  sides  of  the  great  spur  which  springs  from  the 
westem  Cordillera  and  extends  eastward  to  the  Cord6n  Cholila. 
Both  of  these  valleys  lie  in  the  r^on  of  heavy  rainfall  and  are 
densely  forested,  not  only  with  the  usual  species  of  the  Argen- 
tine slope,  the  coihu6  and  dpr&,  but  also  with  the  alerce  and 
other  Chilean  species. 

The  Tigre  leaves  its  wild  canyon  and  enters  a  flat  valley  some 
4  kilometers  above  Lago  Cholila.  Here  there  is  an  area  of  about 
4  square  kilometers  where  cattle  might  probably  range  in  the 
forest,  but  at  present  they  are  not  allowed  to  do  so,  as  they  would 
be  lost  in  the  dense  thickets  of  bamboo.  It  is  possible  that 
eventually  the  entire  upper  valley  of  the  Tigre,  including  the 
alpine  pastures  above  timber  line,  may  be  used  for  smnmer  graz- 
ing, but  the  district  is  one  whose  chief  use  will  always  be  that  of 
a  forest  reservation  devoted  to  raising  the  best  possible  stands 
of  timber. 

Lago  Cholila  is  a  beautiful  sheet  of  water,  with  a  total  area 
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of  23  square  kilometers,  sittiated  in  the  deep  gorge  between  the 
precipitous  heights  of  Cerros  Puntiagudo  and  Tres  Picos  on  the 
north.  It  is  exceedingly  picturesque  and  is  destined  to  become 
the  center  of  a  summer  resort  in  the  southem  Andes. 

The  outlet  of  Lago  Cholila  is  the  Rio  Fetaleufu,  which  flows 
southeastward  to  the  point  where  it  receives  the  Rio  Cholila 
and  thence  southwestward  to  Lago  Rivadavia.  Along  the 
coiurse  of  the  river  and  its  tributary  streams  there  are  extensive 
flood  plains  containing  in  all  some  2,200  hectares  of  land  suitable 
for  agriculture.  A  small  portion  of  this  land  has  been  cultivated 
in  wheat  and  oats.  Most  of  the  area  is  overgrown  with  niri, 
retamo,  and  small  cane,  but  when  cleared  and  drained  in  those 
portions  which  are  too  wet  it  will  become  suitable  for  raising 
any  of  the  crops  adapted  to  the  region.  The  soil  is  in  general  a 
fine  sandy  loam,  in  some  places  more  clayey  and  mixed  with 
humus.  There  is  sufficient  rainfall  in  this  section  of  the  valley 
to  insure  crops  without'  irrigation  and,  except  that  frosts  may 
occasionally  damage  the  orchards,  apples  and  other  hardy  fruits 
may  probably  be  grown  here.  The  adjacent  mountain  slopes  and 
the  higher  lands  in  the  valley  of  the  Fetaleuf  u  carry  the  native 
grasses  among  the  underbrush  and  are  well  adapted  to  grazing. 

The  Fetaleufu  on  reaching  Rivadavia  passes  from  the  wide 
valley  which  it  occupies  with  the  Cholila  and  enters  a  gorge  that 
is  filled  from  side  to  side  by  the  deep  waters  of  the  lake. 

The  Cholila-Fetaleufu  valley  is  on  the  main  route  of  com- 
munication from  north  to  south  through  the  Andes,  the  pro- 
posed railway  line  running  throu^  it  to  Lago  Rivadavia  and 
southward.  As  the  valley  also  has  communication  eastward 
to  the  Rio  Chubut  and  to  Fofocahuel,  the  future  central  railway 
junction  on  that  stream,  the  Cholila  district  is  readily  acces- 
sible and  will  eventually  support  as  large  a  population  as  can 
live  there  on  agriculture  and  grazing. 
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The  Lake  Region  of  the  Upper  Fetaleufu 

Below  the  Cholila  the  Rib  Fetaleufu  enters  a  district  which, 
because  of  the  large  and  beautiful  lakes  that  characterize  it, 
may  be  called  the  lake  region  of  the  upper  Fetaleufu.  There 
are  three  principal  lakes,  Lago  Rivadavia,  Lago  Mendndez,  and 
Lago  Fetalaufquen,  which  have  a  total  area  of  142  square  kilo- 
meters, or  somewhat  less  than  one-foiuili  of  the  area  of  Lago 
Nahuel  Huapf .  The  irregular  branching  forms  of  the  lakes  and 
their  situation  among  high,  serrate,  and  often  snow-covered 
mountains  mark  them  as  strikingly  beautiful  even  in  the  Andean 
lake  country,  which  is  one  of  the  most  beautiful  in  the  world. 

Few  have  ever  traced  the  course  of  the  great  river  below  the 
north  end  of  Lago  Rivadavia,  and  the  pathless  forests  remain 
almost  untouched.  The  first  European  to  traverse  the  region 
was  Friar  Mendndez,  who  in  the  years  1783  and  1787  made  two 
expeditions  from  the  west,  coming  from  the  missions  on  the 
island  of  Chilo^.  He  crossed  the  Paso  Navarro,  descended  the 
Rio  Los  Alerces,  and  traversed  the  lake  which  bears  his  name 
and  also  Lago  Fetalaufquen,  whence  he  reached  the  valley  of 
the  Colonia  de  16  de  Octubre.  His  boats  were  little  canoes  made 
of  planks  fastened  together — ^frail  craft  in  which  to  brave  the 
stormy  waters  of  these  rock-boimd  lakes.  There  is  no  record 
of  other  explorers  of  this  remote  r^on  until  the  boundary  ques- 
tion between  Chile  and  Argentina  made  it  necessary  to  survey 
the  watersheds  of  those  streams  which,  like  the  Fetaleufu,  rise 
on  the  eastern  slope  of  the  great  Cordillera  and  yet  pass  through 
it  westward  to  the  Pacific.  EmiUo  E.  Frey,  the  ablest  of  the 
Argentine  engineers  engaged  in  the  siurveys  carried  out  imder  the 
direction  of  Dr.  Moreno,  then  made  a  map  on  which  the  present 
description  is  based.  In  attempting  to  follow  the  Fetaleufu 
below  Lago  Kruger  his  boat  was  swept  over  the  great  cataracts 
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and  all  but  himself  and  one  other  man  were  lost.  Recently,  m 
1912  and  1913,  the  lakes  and  the  passes  at  the  head  of  Lago 
Men6ndez  have  been  made  the  object  of  a  survey  in  the  interest 
of  a  trans- Andine  line  of  communication,  which  it  is  proposed 
shall  consist  of  a  combination  of  stretches  of  railroad  with  steam- 
boat commimication  on  the  lakes.  Ever  since  the  settlement 
of  the  Colonia  de  16  de  Octubre,  in  1884,  squatters  have  occupied 
the  lands  about  the  south  end  of  Lago  Fetalauf quen  and  along 
its  eastern  shore,  but  the  inaccessibility  of  the  upper  lakes, 
protected  as  they  are  by  stormy  waters  and  precipitous  shores, 
has  preserved  them  from  occupation  by  the  colonists  and  their 
herds.  Though  difficult  of  access  from  the  Argentine  side,  Lago 
Men6ndez  is  within  easy  reach  of  the  Chileans  by  way  of  the  Paso 
Navarro,  and  they  have  taken  advantage  of  the  secluded  posi- 
tion of  the  forest  on  the  Rio  Alerce  to  cut  some  of  the  fine  trees 
for  their  own  profit.  With  this  preliminary  sketch  of  the  lake 
r^on  we  may  take  up  the  more  detailed  account  of  some  of  the 
larger  features. 

Lago  Rivadavia  lies  in  a  canyon  between  Cerro  Riyadavia 
(1,955  i^i^ters)  on  the  east  and  spurs  of  the  great  Cordillera  on 
the  west,  of  which  but  one  peak,  Cerro  Pico  Bajo,  has  received 
a  name.  Cerro  Rivadavia  is  an  isolated  rugged  mountain  of 
picturesque  outline,  made  up  of  dark-purple  and  reddish  igneous 
rocks.  The  upper  slopes  are  covered  with  green  grass  where  not 
too  steep,  while  the  broad  lower  spurs  are  densely  grown  with 
yoimg  forest  trees  which  have  sprung  up  after  fires  of  long  ago. 
A  precipitous  spur  of  the  moimtain  juts  out  to  Lago  Rivadavia, 
giving  to  the  northeastern  shore  of  the  lake  a  bold  profile  which, 
farther  south,  is  succeeded  by  gentler  slopes.  The  western 
shore  is  rocky  but  not  steeply  precipitous.  The  former  forest 
of  cipr&  and  coihu6  has  been  burned  and  the  soil  destroyed, 
leaving  the  greater  part  of  the  rugged  mountain  slope  bare  and 
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gray.  Some  years  ago  a  trail  was  opened  along  the  eastern  shore 
of  Lago  Rivadavia  by  cattlemen  to  take  cattle  from  the  Chdik 
valley  into  the  hills  east  of  the  lake,  but  it  was  soon  abandoned 
and  in  1913  was  scarcely  passable  for  animals. 

Near  the  south  end  of  Lago  Rivadavia  Cerro  Rivadavia 
recedes  from  the  lake  and  the  valley  of  a  large  brook  opens 
toward  the  east.  The  brook  rises  on  the  eastern  slope  of  Cerro 
Rivadavia,  and  a  southem  branch  has  its  soiurce  in  the  high 
mountain  which  lies  north  of  the  bend  of  Lago  Fetalaufquen. 
Flowing  from  the  north  and  south  the  two  forks  join  and  turn 
northwestward  to  enter  the  Fetaleuf u  below  Lago  Rivadavia 
after  passing  over  a  high  cascade  in  a  narrow  canyon.  Between 
Lago  Rivadavia  and  Lago  Fetalaufquen  the  Fetaleuf u  flows  in 
a  rapid  current  among  bars  of  shingle  past  meadows  and  thick- 
ets. The  mountain  slopes  on  either  hand  have  been  burned  and 
are  marked  by  the  tall  trunks  of  the  dead  dpr6s  standing  above 
the  green  underbrush.  At  Las  Juntas  the  Fetaleufu  receives 
the  large  tributary  which  flows  from  Lago  Mendndez  and  drains 
the  drainage  basin  of  that  lake,  an  area  of  675  square  kilometers. 
If  y  as  is  probable,  the  mean  annual  precipitation  over  this  basin 
is  2,000  millimeters,  the  average  discharge  of  Lago  Mendndez  at 
Las  Juntas  would  be  43  cubic  meters  a  second,  but  it  probably 
varies  from  this  mean,  sinking  to  as  little  as  10  meters  a  second 
and  increasing  in  flood  seasons  to  200  meters  or  more.  As  the 
area  of  Lago  Mendndez  is  approximately  66  square  kilometers,  a 
dam  less  than  10  meters  high  at  the  outlet  would  probably 
suflSce  to  store  the  flood  waters  and  regulate  the  flow  of  the  river. 

Turning  aside  from  the  main  coiurse  of  the  Rio  Fetaleufu,  we 
may  proceed  up  Lago  Mendndez  to  the  western  headwaters. 
This  lake  lies  in  the  very  heart  of  the  Andes,  narrowly  inclosed 
by  ranges  which  rise  more  than  1,700  meters  (5,000  feet)  above  it. 
Its  rocky  shores  are  exceedingly  bold  and,  descending  straight 
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into  the  dark-green  waters  of  unknown  depth,  rarely  afiford 
landing  places  even  for  a  canoe.  In  the  center  of  the  lake,  where 
three  arms  diverge,  lies  a  forest-covered  island.  The  northern 
arm  ends  in  a  broad  valley  which  incloses  the  little  Lago  del 
Cisne,  and  beyond  this  extend  the  prof oimd  canyons  which  lie 
among  the  spurs  of  Cerro  Negro  and  Cerro  Trepado.  The  simi- 
mits  of  the  range  are  here  covered  with  extensive  glaciers  which 
discharge  into  the  streams  on  both  sides  of  the  crest  Yet 
among  these  heights  lies  the  Paso  Bodadahue,  which  has  an 
elevation  of  but  1,070  meters  and  so  gives  easy  access  from  the 
Aigentine  Rio  Navarro  to  the  Chilean  Rio  Bodadahue. 

Between  the  northwestern  and  southwestern  arms  of  Lago 
Mendndez  stand  the  bold  peaks  of  Las  Torredllas  (2,240  meters), 
a  precipitous  group  which  dominates  the  view  westward  from 
the  lake.  Leaving  these  crags  on  the  right  and  passing  beneath 
the  cliffs  of  Cerro  Solo  on  the  left,  the  southwestern  arm  of  the 
lake  opens  toward  the  valley  of  the  Rio  Los  Alerces  and  the 
western  summits  of  the  Cord6n  Las  Pir&mides.  The  Rio  Los 
Alerces  flows  in  a  broad  valley  between  precipitous  waUs  which 
rise  to  heights  of  more  than  2,000  meters  above  the  sea.  At  its 
head  is  the  Paso  Alerces  and  also  the  Paso  Navarro,  the  elevation 
of  which  is  but  1,000  meters  above  the  sea,  or  515  meters  above 
Lago  Mendndez. 

The  existence  of  the  low  passes  at  the  sources  of  Lago  Me- 
n6ndez,  among  the  very  hi^  peaks  of  the  main  Cordillera,  may 
be  taken  to  indicate  a  former  extension  of  the  valleys  beyond 
the  present  crest  westward  into  the  area  which  has  been  cap- 
tured by  the  headwaters  of  the  opposing  Pacific  streams.  From 
this  excursion  up  Lago  Men6ndez  we  may  return  to  Las  Juntas 
and  Lago  Fetalaufquen. 

The  Fetaleufu  enters  the  northern  arm  of  Lago  Fetalaufquen, 
which  lies  in  the  extension  of  the  canyon  of  Lago  Mendndez. 
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It  is  evident  that  the  old  river  which  originally  excavated  that 
canyon  flowed  straight  on  and  at  Las  Juntas  received  a  branch 
from  the  northeast  which  now  appears  to  be  the  main  stream. 
The  northern  arm  of  Lago  Fetalaufquen  is  nearly  inclosed  at  its 
south  end  by  mountain  spurs,  beyond  which  opens  the  broad, 
irr^ular  body  of  the  lake.  An  explorer  seeing  the  western  and 
southern  bays  shut  in  by  high  mountain  ranges  would  confidently 
follow  the  great  arm  of  the  lake  southeastward,  expecting  to  find 
the  outlet  in  the  valley  by  which  the  lake  basin  is  continued  in 
that  direction,  but  in  this  valley  he  would  find  instead  a  small 
stream  entering  the  lake.  The  outlet  lies  in  the  southwestern 
bay  at  the  base  of  the  Cord6n  Situaci6n  and  leads  directly  into 
the  little  Lago  Kruger.  Studies  of  the  history  of  Lago  Feta- 
laufquen show  that  the  river  flowing  from  it  once  pursued  the 
more  natiural  course  southeastward,  in  the  broad  valley,  but 
that  it  was  diverted  to  the  canyon  west  of  Cord6n  Situaci6n  in 
consequence  of  the  occupation  of  the  lake  basin  by  an  extensive 
glacier  which  built  a  dam  across  the  older  valley. 

The  shores  of  Lago  Fetalaufquen  are  in  general  rocky,  and  in 
many  places  there  is  no  beach  at  the  base  of  the  cliffs,  but  they 
are  not  so  precipitous  as  those  of  Lago  Men6ndez.  The  slopes 
above  the  eastem  shore  are  gentler  than  those  of  the  Cord6n 
Situaci6n.  A  deep  valley  opens  northeastward  and,  ending  in  a 
pass  about  i,ioo  meters  in  altitude,  gives  access  to  the  vaUey  of 
the  Fetaleuf u  below  Lago  Rivadavia. 

Lago  Kruger  is  a  little  lake  pendant  from  Lago  Fetalaufquen. 
It  receives  not  only  the  waters  of  the  Fetaleufu  but  also  those  of 
a  considerable  tributary  which  enters  from  the  northwest,  coming 
from  Lago  Stange.  The  valley  of  Lago  Stange  and  Lago  Kruger, 
like  others  of  this  system,  has  a  broad,  flat  bottom  from  which 
steep  or  precipitous  slopes  rise  5,000  feet  to  the  mountain  sum- 
mits.   The  valley  continues  southward  west  of   the  Cord6n 
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Situaci6n  and  between  that  range  and  the  Cord6n  Las  Pir&- 
mides.  It  was  always  a  wild  canyon  among  the  highest  mountain 
ranges,  but  prior  to  the  glacial  epoch  it  was  occupied  by  a  rel- 
atively small  stream.  When  the  valley  of  Lago  Fetalaufquen 
was  danmied  the  great  Fetaleufu  was  turned  into  this  channel 
and  has  developed  one  of  the  greatest  cataracts  of  the  Andes. 
So  far  as  is  known  only  the  one  party  of  men  already  mentioned 
has  ever  seen  the  b^inning  of  the  falls,  and  of  them  but  two 
escaped.  The  magnitude  of  the  falls  and  the  grandeur  of  the 
scene  which  here  awaits  the  explorer  may  be  guessed  by  the 
fact  that  the  roar  of  the  cataract  may  be  heard  at  the  south  end 
of  Lago  Fetalaufquen,  10  kilometers  away,  beyond  the  great 
Cord6n  Situaci6n.  The  river  discharges  into  Lago  Situaci6n 
about  70  meters  below  Lago  Kruger  and  thence  flows  on  to  its 
junction  with  the  Rio  Corintos  in  the  Valle  de  16  de  Octubre. 

The  lake  r^on  of  the  upper  Fetaleufu  includes  a  branch  of 
the  great  river  which  joins  it  from  the  west  above  Lago  Situaci6n 
and  is  marked  by  a  chain  of  three  lakes  whose  aggregate  area 
is  33  square  kilometers.  This  valley  lies  between  the  Cord6n 
Las  Pir&mides  and  the  crest  of  the  western  Cordillera,  which  is 
here  so  rugged  and  inaccessible  that  it  still  remains  unexplored. 
The  valley  itself  has  been  sketched  only  from  high  peaks  that 
overlook  its  east  end,  such  as  Cerro  Ascensi6n,  and  is  one  of  the 
most  remote  comers  of  the  Argentine  Andes.  Lying  in  the 
r^on  of  frequent  and  heavy  rain  and  snow,  it  is  densely  for- 
ested up  to  timber  line,  and  above  that  the  mountains  are  cov- 
ered by  extensive  glaciers. 

A  glance  at  the  map  will  show  that  from  Lago  Puelo,  in  lati- 
tude 42*^  10',  the  Argentine  boundary  swings  westward  about 
the  head  of  the  Rio  Turbio,  the  Rio  Tigre,  and  the  tributaries  of 
the  Fetaleufu  above  Lago  Situad6n.  In  latitude  43^  10'  it 
swings  eastward  again  to  the  point  where  it  crosses  Rio  Feta- 
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leufu  below  the  Valle  de  i6  de  Octubre.  In  this  loop  of  the 
boundary  is  inclosed  a  great  area  of  forest  loo  kilometers  from 
north  to  south  and  40  kilometers  from  east  to  west,  which  should 
constitute  a  single  forest  reserve.  It  is  now  in  an  almost  virgin 
condition.  The  richness  of  the  verdure^  the  beauty  of  the 
forest-clad  mountain  slopes  reaching  up  to  the  snowy  summits^ 
and  the  grandeur  of  the  fiord-like  lakes  make  it  a  r^on  of 
peculiar  attraction  for  the  lover  of  untouched  nature.  The  forests 
must  in  time  be  gradually  cleared  and  as  steadily  replaced  imtil 
they  pass  from  the  wild  condition  to  that  which  better  serves 
the  uses  of  mankind^  but  in  effecting  this  transformation  it  is 
not  necessary  to  mar  the  beauty  of  the  scenery.  The  change 
may  be  accomplished  through  appropriate  methods  of  forestry 
with  proper  exploitation  of  the  timber,  provided  that  the  region 
be  protected  from  fires  and  from  spoliation  by  imauthori2sed 
cutting.  From  the  Argentine  side  there  is  little  danger  of  fires 
spreading  and  practically  none  that  the  forests  will  be  cut  by 
unauthorized  persons,  but  because  of  the  ease  with  which  the 
district  may  be  entered  from  the  west,  particularly  by  the  Paso 
de  Navarro,  there  is  grave  danger  that  the  forest  will  be  exploited 
or  that  fires  may  be  set  from  that  side*  In  the  valley  of  the  Rio 
Los  Alerces  the  alerce  has  been  cut  by  Chilean  Imnbennen  who 
have  brought  the  lumber  out  to  the  Colonia  de  16  de  Octubre  and 
have  sold  it  there,  asserting  that  they  had  transported  it  across 
the  mountains  from  Chile.  To  prevent  this  stealing  and  the 
attendant  danger  of  fire  it  will  be  necessary  to  maintain  a  detach- 
ment of  police  in  the  valley  of  the  Rio  Los  Alerces,  with  boats 
to  enable  them  to  patrol  the  northwest  arm  and  its  valley  as 
well.  Similar  precautions  will  eventually  be  necessary  at  the 
heads  of  other  valleys,  although  they  are  not  so  urgent  because 
access  to  those  valleys  from  the  Chilean  side  is  not  so  easy. 
The  eastern  boundary  of  this  forest  reserve  should  coincide 
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with  the  boundary  of  the  Colonia  de  16  de  Octubre  from  the  Rio 
Fetaleufu  to  Lago  Terrapldn^  and  thence  should  follow  the 
divide  between  the  lake  region  of  the  upper  Fetaleufu  and  the 
Rio  Percey  to  the  divide  between  the  Percey  and  the  Cholila 
valley,  which  it  should  follow  northeastward  to  the  limits  of  the 
Estanda  Leleque.  Following  the  western  boundary  of  that 
pn^)erty  to  the  Arroyo  Epuy^n,  the  boundary  should  then 
extend  over  the  Cerro  Pirque  and  across  the  Rio  Epuy6n  to  the 
northern  shore  of  Lago  Puelo  and  so  to  the  boundary  of  Chile. 

The  greater  part  of  the  area  included  within  the  limits  thus 
outlined  consists  of  heavily  forested  mountain  slopes  or  barren 
summits  suited  only  to  the  purpose  of  the  forest  reserve.  The 
valley  of  Giolila  constitutes  an  exception,  for  it  contains  con- 
siderable areas  of  valuable  agricultiural  lands,  but  it  is  well 
established  by  the  experience  of  Europe  and  the  United  States 
that  the  inclusion  of  agricultiural  lands  within  areas  otherwise 
devoted  to  forests  is  not  open  to  objection.  There  will  be  no 
difficulty  in  delimiting  the  farm  lands  which  should  be  culti- 
vated, and  it  will  be  an  appropriate  task  of  the  forester  to  re- 
forest those  portions  of  the  Giolila  valley  which  should  be  main- 
tained in  trees. 

Lower  Rio  Fetaleufu  and  Tributaries;  Colonia  deitde  Octubre 

The  valley  of  the  Colonia  de  16  de  Octubre  is  a  locality  of 
much  interest.  It  is  the  seat  of  one  of  the  oldest  settlements 
in  the  Andes,  and,  being  distinguished  by  a  peculiarly  mild 
dimate  as  well  as  by  a  large  area  of  good  soil,  it  is  destined  to 
become  a  center  of  agricultiural  and  industrial  enterprise. 

Several  rivers  meet  in  the  valley,  flowing  from  the  north, 
east,  and  south  to  the  junction,  whence  the  united  waters,  form- 
ing the  lower  Fetaleufu,  pass  westward  across  the  westem  Cor- 
dillera to  the  Padflc.    The  entire  drainage  basin  therefore  lies 
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west  of  the  Continental  Divide  and  was  claimed  by  Qule,  but  the 
arbitrators  drew  the  boundary  line  across  the  canyon  by  which 
the  Fetaleuf u  traverses  the  high  Cordillera  and  thus  confirmed 
the  Argentine  title  to  the  upper  valley,  which  had  been  occupied 
imder  a  grant  from  that  Government  for  more  than  a  decade. 

The  upper  Fetaleufu  flows  southward  from  Lago  Kruger 
through  the  deep  canyon,  which  it  has  cut  in  consequence  of 
glacial  diversion,  and  passes  through  Lago  Situaci6n.  From  the 
west  it  receives  a  large  river  which  runs  through  three  lakes  and 
drains  the  slopes  of  the  Cord6n  Las  Pir&mides  and  of  a  similar 
range  south  of  it  but  which  has  been  so  little  explored  that  even 
the  river  has  no  name  and  the  lakes  are  known  only  as  Nos.  i, 
2,  and  3.  From  Lago  Situad6n  the  course  of  the  Fetaleufu  to 
its  junction  with  the  Corintos  is  eastward,  directly  opposite 
to  that  of  the  Corintos  itself. 

The  Rio  Corintos  rises  in  relatively  low  mountains  of  the 
eastern  Cordillera  and  flows  in  a  broad,  ^iHrell-defined  vaUey  north- 
ward to  Sunica.  Thence  the  valley  continues  northward  to  the 
Rio  Tecka,  which  is  on  the  Atlantic  drainage  slope,  but  the  Rio 
Corintos  turns  westward  from  the  Continental  Divide  in  the 
open  plain  of  its  own  valley  and  plunges  into  a  gorge  to  join  the 
Fetaleufu  in  its  coiurse  to  the  Pacific. 

The  Rio  Percey  flows  from  north  to  south  in  an  inter-Cor- 
dilleran  valley,  between  the  Cord6n  Situaci6n  on  the  west  and 
the  Cord6n  Esguel  and  Cerro  Nahuel  Pan  on  the  east.  The 
Percey  is  tributary  to  the  Corintos  and  the  Fetaleufu  near  their 
junction  point. 

There  are  several  distinct  moimtain  groups  about  the  Colonia 
de  16  de  Octubre.  The  western  Cordillera  is  composed  of  the 
Cord6n  Las  Pir&mides  and  of  two  other  high  and  extensive 
mountain  groups  in  which  Cerro  Ascenci6n,  Cerro  C6nico,  and 
Cerro  Greda  have  received  names,  although  they  are  no  more 
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conspicuous  than  many  other  peaks.  The  general  elevation  of 
these  great  mountain  masses  varies  from  2,000  to  2,400  meters 
above  the  sea.  They  are  cut  by  profound  valleys,  which  in 
Lago  Situaci6n  descend  to  only  400  meters  above  sea  level,  and 
they  are  therefore  alpine  heights  of  very  imposing  appearance. 
Between  the  upper  Fetaleufu  and  the  Rio  Percey  is  the  jagged 
range  of  the  Cord6n  Situaci6n,  which  also  reaches  an  altitude  of 
2,300  meters.  East  of  the  wide  valley  of  the  Rio  Percey  is 
Cerro  Nahuel  Pan  (2,145  meters),  and  the  eastern  range  is  ex- 
tended to  the  south  in  a  series  of  lower  hills  about  1,700  meters 
in  elevation. 

The  valley  of  the  Rio  Corintos  and  the  low  lands  tributary 
to  it  were  occupied  in  1888  by  the  Welsh  colony  which  is  officially 
known  as  ^^La  Colonia  de  Diecis^  de  Octubre"  (16  de  Octubre). 
Fifty  Welshmen  had  been  organized  into  a  detachment  to  fight 
the  Indians  in  this  region,  on  the  condition  that  they  should 
each  receive  one  legua  of  land,  and  their  leader,  John  Evans, 
who  had  previously  become  familiar  with  the  country,  selected 
the  valley  of  the  Corintos  on  accoimt  of  its  low  altitude,  mild 
dimate,  and  rich  soils.  The  choice  was  a  wise  one,  and  the  col- 
ony wiU  in  time  become  one  of  the  largest  and  most  important 
settlements  of  the  southem  Andes. 

We  distinguish  in  this  region  grazing  lands,  grass  lands,  and 
superior  agricultural  lands.  The  grazing  lands  are  very  exten- 
sive and  may  be  said  to  include  all  of  the  r^on  which  is  below 
the  limits  of  perpetual  snow — ^that  is,  the  zone  of  alpine  pasture, 
the  belt  of  lenga  forest,  the  brushy  moimtain  slopes,  and  the 
grassy  uplands,  where  either  soil  or  moisture  is  inadequate 
for  cultivation.  The  pasture  plants  thus  include  the  various 
q)edes  of  grasses  as  well  as  the  shrubs  which  grow  in  different 
zones  of  vegetation  between  350  and  1,600  meters  above  sea  level. 

The  term  grass  lands  or  hay  lands  may  be  used  to  designate 
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those  areas  which  on  account  of  their  soil  and  altitude  are  not 
capable  of  being  cultivated  for  vegetables  or  fruits  but  which  will 
yield  crops  of  grain  or  grasses  for  hay.  Extensive  areas  of  such 
lands  occur  in  the  vaUey  of  the  Rio  Percey,  where  they  aggre- 
gate 155  square  kilometers.  South  of  the  Rio  Corintos  there 
are  about  50  square  kilometers  of  such  lands  which  form  part 
of  an  area  that  extends  southward  into  the  Valle  Frfo  and  be- 
longs to  the  drainage  area  of  the  Rio  Corcovado.  In  the  valley 
of  the  Arroyo  Esguel  the  soil  is  very  rich  and  the  conditions  are 
excellent  for  growing  grain  crops.  A  similar  area  lies  adjacent 
to  the  Laguna  Terrapl^n,  which  is  in  the  valley  southeast  of 
Lago  Fetalaufquen.  Two  extensive  areas  suitable  only  for 
grass  crops  occupy  the  plateaus  between  the  Rio  Percey  and  the 
Arroyo  Esguel  and  between  the  Arroyo  Esguel  and  the  Rio 
Corintos. 

The  superior  agricultural  lands  constitute  an  area  of  140 
square  kilometers  stretching  from  the  valley  of  the  Rio  Corintos 
in  its  extension  down  the  Rio  Fetaleufu  and  also  up  the  Rio 
Percey.  This  is  the  largest  and  richest  agricultural  area  in  the 
southern  Andes.  The  valley  lies  at  an  elevation  of  300  to  350 
meters  above  the  sea,  is  protected  from  winds  by  the  moimtain 
chain  north  and  west  of  it,  and  is  rarely  afifected  by  frost  from 
the  later  part  of  December  until  March.  The  subsoil  is  a  de- 
posit of  gravel  and  sand  and  is  overlain  by  one  to  two  meters  of 
fine  rich  loam,  composed  of  wind-blown  soil,  volcanic  ash,  and 
htmius.  The  greater  part  of  this  valley  is  still  used  for  cattle 
raising.  Wheat  is  grown  both  for  flour  and  for  hay,  and  the 
valley  supplies  not  only  the  needs  of  the  colonists  but  also  the 
demand  for  a  large  part  of  the  southern  Andes.  The  three  prin- 
cipal colonists  had  over  2,000  hectares  in  wheat  in  1913.  One 
of  the  original  settlers,  an  Englishman  named  Martin  Under- 
wood, has  successful  plantations  of  alfalfa  and  fruit.    The  alfalfa 
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yields  three  crops  a  year  and  in  1912  one  crop  was  measured 
which  was  1.17  meters  in  height.  The  yield  is  three  tons  to 
the  hectare.  Apples,  peaches,  cherries,  quinces,  and  all  vege- 
tables of  the  temperate  zone  grow  and  bear  well.  Grape  vines 
have  been  cultivated  but  must  be  covered  in  winter  to  prevent 
their  freezing. 

At  the  present  time  the  Colonia  de  16  de  Octubre  is  suffering 
from  the  effects  of  isolation  and  from  the  fact  that  many  of  the 
colonists  have  degenerated  to  a  standard  of  living  little  if  any 
better  than  that  of  the  nomadic  Chilean  squatters  with  whom 
they  have  been  associated.  Many  of  the  properties  of  one 
legua  (6,000  acres)  in  extent  are  for  sale,  the  average  price  asked 
being  50,000  pesos,  national  money  (about  $20,500  United  States 
gold). 

Drainage  Basin  of  the  Rio  Corcovado 

The  Rio  Corcovado,  or  Himchback  River,  rises  in  Lago 
General  Paz  and  follows  a  crooked  course  through  three-fourths 
of  a  circle  (east,  northeast,  west,  and  southwest),  to  empty 
eventually  into  the  Pacific.  The  altitude  of  the  valley  is  low 
and  the  lands  are  fertile.  In  many  respects  it  rivals  the  Valle 
de  16  de  Octubre,  but  it  is  as  yet  more  isolated. 

A  principal  tributary  of  the  Corcovado  is  the  Rio  Hielo, 
which  enters  from  the  north  by  a  deq>,  strai^t  canyon  of  pe- 
culiarly wild  character.  At  the  head  of  the  canyon  two  rivers 
meet  on  diametrically  opposed  courses.  Above  the  jimction  one 
of  these  rivers,  the  Hielo,  flows  from  the  west,  and  the  other,  the 
Frfo,  flows  from  the  east;  and  from  their  junction  in  the  con- 
tinuous valley,  where  they  may  be  said  to  collide,  the  waters, 
retaining  the  name  Hielo,  turn  at  right  angles  into  the  canyon 
that  leads  to  the  Corcovado.  The  headwaters  of  the  Rio  Hielo 
are  in  the  snow-capped  ranges  of  the  western  Cordillera.    Those 
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of  the  Rio  Frfo  are  in  gravel  ridges— glacial  moraiaes  which 
block  the  former  course  of  the  ancient  river  that  once  flowed 
through  the  Hielo-Frlo  valley  to  the  Antefal  and  Corintos. 

Another  tributary  of  the  Rio  Corcovado  is  the  Rio  Huemul, 
which  rises  in  the  Continental  Divide  and  flows  westward.  At 
its  head  the  divide  is  formed  by  a  glacial  morainey  on  the  Atlantic 
side  of  which  is  an  extensive  flat  known  as  the  Pampa  Grande. 
As  the  Huemul  Valley  is  much  lower  than  the  Pampa  Grande 
and  as  the  intervening  divide  is  made  up  of  loose  gravel,  the 
waters  of  the  Pampa  Grande  seep  through  the  ridge  and  appear 
as  springs  at  the  head  of  the  Huemul  Valley.  The  topographic 
position  of  that  valley  led  to  the  formation  of  a  lake  basin  when 
its  outlet  was  dammed  by  the  retreating  glacier  and  to  the 
deposition  of  1.5  meters  of  fine  soil  over  its  area.  It  is  now 
swampy  on  account  of  the  waters  which  seep  through  from  the 
Pampa  Grande,  but  it  is  capable  of  being  drained  and  converted 
into  valuable  agricultural  land. 

The  dramage  basin  of  the  Rio  Hielo  and  the  Rio  Frfo  lies 
between  the  eastern  and  western  Cordilleras,  which  are  dis- 
tinctly developed  in  this  latitude  (43*^  20O.  The  western  Cor- 
dillera is  narrower  than  it  is  farther  north,  and  its  peaks  do  not 
much  exceed  2,000  meters  in  altitude;  they  are,  however,  snow 
covered.  The  Rio  Hielo  descends  rapidly  into  its  deep  valley, 
one  branch  of  which  is  known  as  the  Rinc6n  de  Aceite.  Between 
the  Rinc6n  and  the  valley  of  the  Corcovado  is  the  Cerro  Las 
Tobas  (1,600  meters),  which  is  cut  across  at  its  eastern  extremity 
by  the  Rio  Hielo,  in  the  transverse  canyon.  The  walls  of  the 
canyon  themselves  have  been  glaciated  and  are  described  as  form- 
ing a  smooth  glacial  gorge  which  is  impassable.  The  eastern 
Cordillera  is  represented  by  the  Loma  Grasa,  a  ridge  about  1,700 
meters  above  the  sea,  which,  in  contrast  to  the  Andean  moun- 
tains in  general,  is  broad  and  gentle. 
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The  lower  slopes  of  the  western  Cordillera,  the  valleys  of 
the  Rio  Hielo  and  Rio  Frfo,  and  the  eastern  Cordillera  are  good 
grazing  lands.  On  account  of  the  wide  differences  of  level  the 
region  is  one  which  presents  pastures  for  all  seasons  and  under 
proper  management  wiU  develop  into  an  exceedingly  rich  graz- 
ing district. 

The  agricultural  lands  lie  in  the  valley  of  the  Frfo,  where 
they  have  an  area  of  about  300  square  kilometers,  on  the  head  of 
the  Arroyo  Loncahuaca,  and  in  the  valleys  of  the  Rio  Corcovado 
and  its  tributary  the  Huemul.  The  areas  on  the  Frfo  and  the 
Loncahuaca  are  relatively  high  and  are  suitable  chiefly  for  the 
raising  of  grain  or  hay  crc^s.  The  Valle  Frfo  is  floored  by 
glacial  deposits  and  has  many  swampy  meadows,  with  rich 
alluvial  soil,  distributed  over  its  surface.  The  area  of  41  square 
kilometers  on  the  head  of  the  Loncahuaca  is  similar  in  character 
but  is  near  the  limit  of  altitude  for  successful  agriculture,  being 
about  1,000  meters  above  sea.  The  agricultural  land  of  the  Rio 
Huemul  has  already  been  described  as  a  gladal-lake  deposit, 
lying  at  an  altitude  of  about  600  meters  above  sea.  It  is  exceed- 
ingly well  adapted  to  grain  raising  but  probably  not  to  fruit 
culture.  The  valley  of  the  Corcovado,  with  an  area  of  about 
56  square  kilometers,  is  very  favorably  situated,  its  elevation 
being  only  about  400  meters  above  the  sea  and  its  situation  so 
protected  that  snow  rarely  falls  there  in  winter  and  the  simi- 
mers  are  unusually  warm.  It  will  become  the  center  of  intensive 
fruit  and  vegetable  farming  to  supply  the  less  favored  r^ons 
of  the  southern  Andes  and  adjacent  countries. 
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SECTION  III 

RESOURCES  OF  THE  ANDES  BETWEEN  LATITUDES 

39^  AND  44^ 

Introduction 

B£FOS£  proceeding  to  take  account  of  the  natural  resources 
of  the  Andes  and  their  possible  development,  it  will  be  well  to 
note  the  present  conditions  of  settlement  and  the  events  which 
have  led  up  to  them.  The  peculation  in  the  Andean  r^on 
is  composed  of  the  varied  elements  that  usually  gather  on  a 
frontier  and  can  not  be  disregarded  in  planning  for  the  future 
occupation  of  the  country  by  a  more  stable  community. 

Argentina  has  long  claimed  Patagonia  as  a  part  of  her  do- 
main,  but  up  to  1880  she  was  far  from  being  able  to  make  good 
her  claim  south  of  the  Rio  Negro  at  any  considerable  distance 
from  the  ports  along  the  Atlantic  coast.  The  interior  was 
occupied  by  powerful  renmants  of  the  Indian  tribes,  who  had 
not  been  overcome  in  three  centuries  of  struggle.  The  frontier 
of  civilization  in  that  recent  time,  only  thirty-odd  years  ago, 
stretched  diagonally  across  the  province  of  Buenos  Aires  from 
southeast  to  northwest.  Bahia  Blanca  was  an  outpost,  which  in 
the  seventies  was  repeatedly  cut  off  from  Buenos  Aires  by  Indian 
raids.  In  1879,  soon  after  Moreno  escaped  from  the  Indians 
at  Lago  Nahuel  Huapl  and  brought  news  of  their  intentions, 
they  struck  a  heavy  blow  at  the  advanced  Argentine  settlements. 
The  army  which,  under  General  Roca,  returned  that  attack  did 

not  dose  its  campaign  imtil  the  Indian  tribes  had  been  prac- 
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tically  destroyed,  and  thus  in  1880  the  r^on  south  of  the  Rio 
Negro  became  available  for  occupation.  The  soldiers  who  had 
taken  part  in  the  campaign  received  land  scrip,  which  was 
bought  up  by  speculators  and  placed  on  choice  areas.  Enter- 
prising men  of  various  nationalities  ventured  into  the  new  ter- 
ritory and  took  up  concessions  for  cattle  grazing.  Certain 
specific  colonies  were  established  by  law,  sections  of  land  were 
surveyed  for  each  of  them,  and  lots  were  offered  to  immigrants 
imder  the  liberal  provisions  of  the  Argentine  homestead  law. 
Thus  during  three  decades  the  process  of  occupation  of  the 
country  south  of  the  Rio  Negro  in  accordance  with  the  terms  of 
the  Argentine  laws  has  gone  on,  but  for  lack  of  communication 
it  has  not  been  rapid.  In  the  Cordillera  proper  it  has  never  pen- 
etrated far  beyond  the  grassy  pampas  into  the  forested  valleys. 
Under  the  treaty  of  1881  defining  the  international  boimdary, 
Chile  for  twenty  years  laid  claim  to  nearly  all  the  mountain 
zone  of  the  Andes,  and  Chileans  were  encouraged  to  establish 
themselves  in  the  area  she  claimed.  It  is  not  difficult  for  men 
accustomed  to  the  moimtain  trails  in  the  forests  of  southern 
Chile  to  cross  the  passes  which  lead  into  the  eastem  valleys  of 
the  Andes.  There  is  along  the  boundary  no  conspicuous  natural 
barrier  greater  than  those  which  the  Chilean  Indian  or  half- 
breed  with  his  active  horses  and  cattle  constantly  traverses  in 
his  own  coimtry.  It  readily  followed  that  the  Andean  zone 
was  occupied  by  the  cattlemen  from  Chile.  When,  in  1892, 
the  r^on  which  has  been  described  in  the  preceding  pages 
definitely  came  imder  Argentine  jurisdiction  no  change  occurred 
in  the  conditions  of  government,  for  the  region  is  so  remote  that 
Argentine  authority  was  scarcely  felt  and  up  to  a  very  recent 
time  has  been  unable  to  assert  itself  effectively  in  the  moimtain 
districts.  The  Chilean  squatters  have  remained  in  imdisturbed 
possession  of  the  lands  they  chose  ten  to  fifteen  years  or  more 
ago. 
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Frontiersmen  of  various  nationalities  have  settled  among 
them,  and  there  have  not  been  lacking  refugees  from  justice 
whose  careers  of  lawlessness  give  a  touch  of  daring  and  romance 
to  the  history  of  the  frontier.  This  epoch  may  be  said  to  have 
come  to  an  end  with  the  organization  of  the  Polida  Fronteriza 
in  1911.  Through  the  activity  of  that  force,  the  leaders  among 
the  lawless  population  have  been  driven  out  or  killed  and  life 
and  property  have  become  comparatively  safe.  The  standards 
of  possession  are  still  those  of  the  frontier,  and  the  arm  of  the 
law  needs  to  be  strengthened  by  the  appointment  of  fearless 
and  honest  officials  in  all  grades  of  the  service,  but  attention 
has  recently  been  called  to  the  capacity  of  the  r^on  to  support 
a  large  and  prosperous  population,  railroad  communication  will 
soon  be  established,  and  the  country  will  enter  upon  the  process 
of  development  which  will  make  it  one  of  the  richest  of  the 
Argentine  provinces. 

There  is  a  marked  difference  in  the  nature  of  the  population 
north  of  Lago  Nahuel  Huapf  and  that  south  of  the  lake,  a  differ- 
ence inherent  in  the  fact  that  the  northern  r^on  has  been  set- 
tled from  Argentina  and  the  southern  from  Chile.  In  the  north 
the  lands  in  the  western  Pampas  and  eastern  foothills  of  the 
Andes  up  to  the  outlets  of  the  lake  basins  have  been  taken  up 
by  Argentine  cattle  breeders,  most  of  whom  have  obtained  title 
to  large  estates  that  cover  the  river  valleys  and  the  adjacent 
slopes.  From  these  estandas  cattle  range  into  the  forests  on 
public  lands,  but  the  proprietors  have  made  little  attempt  to  ex- 
tend their  private  holdings  into  the  heavily  timbered  moimtains. 

On  Lago  Nahuel  Huapf  itself  there  have  been  two  distinct 
classes  of  official  assignments  of  territory;  one  is  that  of  the 
Colonia  de  Nahuel  Huapf  and  town  of  Bariloche,  the  other  that 
of  the  National  Park.  On  reorganizing  the  colony  the  lands 
about  the  lake  were  divided  into  lots  of  625  hectares,  more  or 
less,  which  were  opened  to  occupation  under  the  homestead  law. 


Digitized  by 


Google 


RESOURCES  OF  THE  ANDES  283 

The  town  of  San  Carlos  or  Barfloche  was  established  on  the 
southern  shore  of  the  lake.  Residence  lots  and  quintasy  or  small 
farming  plots,  were  sold.  Under  these  conditions  a  considerable 
population,  probably  about  1,500  persons,  has  gathered  about 
the  southern  and  eastern  shores  of  the  lake.  It  is  composed 
largely  of  northern  European  elements  (Swiss,  French,  German, 
and  English)  and  of  North  Americans.  Many  of  the  settlers 
are  of  the  sturdy,  thrifty,  and  independent  type  which  has  settled 
large  areas  of  the  United  States.  They  have  been  attracted  to 
this  r^on  by  the  promise  of  prosperity  and  independence  to  be 
secured  for  them  and  their  children  through  their  own  efforts 
imder  Argentine  law.  They  constitute  a  nucleus  about  which 
may  gather  a  larger  population  of  good  settlers  for  whom  they 
have  opened  the  way.  In  the  adjustments  of  land  titles  which 
must  necessarily  follow  as  the  Government  develc^  town  sites, 
communications,  and  the  National  Park,  the  rights  of  these  pio- 
neers should  be  carefully  protected,  not  only  strictly  according 
to  law  but  in  a  spirit  of  liberality. 

The  plan  of  the  National  Park  originated  in  1902  with  Dr. 
Francisco  P.  Moreno  and  has  recently  been  made  the  subject 
of  official  action  which  tends  to  give  it  permanent  character 
and  a  large  place  in  the  future  pleasure  and  welfare  of  the  nation. 
It  is  sq>arately  discussed  in  a  succeeding  section  oi  this  vdume. 

South  of  Lago  Nahuel  Huapf  are  the  valleys  of  the  central 
Andes,  which  have  relatively  easy  communication  with  Chile 
and,  as  already  stated,  have  been  occupied  chiefly  by  Chileans. 
The  total  peculation  of  these  valleys  was  estimated  in  1912  at 
not  far  from  3,500.  This  includes  the  Argentine  and  English 
estandas  on  the  eastern  slope  of  the  Cordillera,  the  Welsh  colony 
of  16  de  Octubre,  the  town  of  Esguel,  the  communities  of  Cholila, 
of  the  Hoyo  de  Epuy6n,  and  of  the  Bols6n,  and  the  scattered 
herders  among  the  mountains.  It  is  probable  that  2,000  or  more 
of  this  niunber  are  Chileans.    Title  to  lands  has  been  acquired 
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by  the  English  estanderos  of  Ldeque  and  Tecka,  by  the  colon- 
ists of  i6  de  Octubre,  and  by  a  portion  of  the  people  located  on 
the  town  site  of  E^gueL  At  a  liberal  estimate  one-third  of  the 
population  may  have  acquired  l^gal  right  to  the  land  they 
occupy;  the  rest  are  squatters  on  Government  lands.  Among 
them  are  some  who  have  justified  themselves  by  building  good 
homes,  fencing  their  land,  and  proceeding  with  the  expectation 
that  they  would  eventually  be  granted  homesteads.  The  in- 
dividual settlers  of  this  character  in  the  southem  districts  may, 
however,  be  coimted  on  the  fingers  of  two  hands.  The  remainder 
of  the  squatters  are  people  of  little  ambition  who  have  no  inten- 
tion of  becoming  Argentine  citizens.  Knowing  that  their  occu- 
pation of  the  coimtry  is  temporary,  they  make  no  permanent 
improvements  and  have  no  interest  in  taking  care  of  the  re- 
sources which  they  exploit.  They  will  give  place  to  permanent 
settlers  whenever  the  Argentine  Government  takes  possession 
of  the  public  lands  and  authorizes  their  occupation  either  under 
lease  or  under  title  acquired  by  compliance  with  the  homestead 
law  or  by  purchase. 

It  will  be  shown  in  the  following  pages  that  this  Andean 
region  will  eventually  support  a  large  population  and  that  its 
communities  will  play  a  part  in  the  industries  of  Argentina  which 
no  others  in  her  domain  can  imdertake  under  equally  favorable 
conditions. 

The  Andean  area  which  contrasts  peculiarly  and  favorably 
with  other  sections  of  Argentina  lies  between  latitude  38^  and 
latitude  44^  and  is  set  apart  by  conditions  of  climate  which  fit 
it  for  being  occupied  by  energetic  people  of  the  temperate  zone 
and  for  becoming  the  site  of  manufacturing  industries  on  a  large 
scale.  It  is  bounded  by  the  limits  of  these  conditions.  On  the 
north  and  east  lie  regions  of  greater  aridity.  Toward  the  south, 
beyond  latitude  44**  or  45®,  the  increase  in  snowfall  makes  the 
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moiintain  valleys  less  available.  On  the  west  is  the  inter- 
national boundary  and  the  rainy  Pacific  slope.  Within  these 
limits  is  an  area  of  approximately  20,000  square  miles,  charac- 
terized by  moderate  summer  temperatures,  cold  yet  not  severe 
winters,  abimdant  rainfall,  and  remarkable  scenery  of  moun- 
tains, forests,  lakes,  and  waterfalls. 

The  region  thus  defined  extends  from  a  line  north  of  Lago 
Alumin6  to  a  line  south  of  Lago  General  Paz  and  may  be  de- 
scribed as  the  northem  lake  r^on  of  the  Andes.  Of  the  total 
area  of  20,000  square  miles,  but  12,000  square  miles  has  been 
covered  by  the  scientific  and  economic  reconnaissance  which 
the  Comisi6n  has  been  able  to  carry  out  in  the  Cordillera — ^the 
northem  portion  from  Lago  Huechulauf quen  north  to  Lago 
Alumin6  and  a  smaller  area  south  of  the  Rio  Corcovado  not 
having  been  reached  before  the  end  of  the  season  of  1913. 

Within  the  r^on  examined  the  areas  of  virgin  forest,  of 
brushy  growth,  and  burned  forest  have  been  distinguished. 
The  lands  have  been  classified  according  to  the  economic  use  to 
which  they  may  advantageously  be  put,  when  conmiunication 
shall  be  developed  and  a  permanent  population  established,  as 
agricultural  or  grazing  lands,  or  permanent  forest  reserves,  or 
alpine  areas  too  high  for  any  use  but  summer  pasture.  The 
results  are  embodied  in  the  accompanying  maps.  The  general 
character  of  the  water  powers  has  been  examined  and  the  con* 
ditions  of  development  of  some  of  the  more  evident  projects 
have  been  made  the  object  of  preliminary  studies.  The  problem 
of  conmiunication  has  been  examined  with  reference  to  routes 
both  within  the  Andes  and  in  the  adjacent  Pampas.  Prelimi- 
nary surveys  have  been  made  of  the  two  principal  branches  of 
the  transcontinental  line  extending  south  to  the  Colonia  de  16 
de  Octubre  and  north  to  San  Martin.  Town  sites  have  been 
examined  and  a  plan  of  the  industrial  dty  of  Nahuel  Huapf  has 
been  drawn  up. 


Digitized  by 


Google 


286  NORTHERN  PATAGONIA 

The  varioxis  lines  of  preliminary  study  which  have  been  pur- 
sued by  the  Comisi6n  are  elements  of  the  larger  problems  of 
settlement  and  industry  which  are  to  be  worked  out  for  this 
Andean  province.  They  are  considered  in  some  of  their  broader 
relations.  It  is  dear  that  rarely  has  a  similar  opportunity 
presented  itself  to  initiate  for  a  practically  virgin  r^on  des- 
tined to  a  great  future  a  wise  policy  of  develc^ment  f oimded  on 
exact  knowledge,  that  will  lead  to  soimd  prosperity  of  the  future 
communities. 

In  order  that  the  magnitude  of  the  opportunity  which  pre- 
sents itself  to  Argentina  may  be  more  readily  grasped,  the  gm- 
eral  results  of  the  preliminary  study  of  the  virgin  Andean  r^on 
may  be  compared  with  the  statistics  of  that  European  coimtry 
which  most  nearly  resembles  it,  Switzerland.  The  lake  r^on 
of  the  Andes  has  been  called  the  Argentine  Switzerland  simply 
because  of  its  majestic  scenery,  but  in  those  respects  which  affect 
its  material  future  it  is  also  like  that  country  of  independent 
prosperous  communities. 

From  this  comparison  it  appears  that  the  northern  Andean 
lake  r^on  has  about  three-fourths  the  area  of  Switzerland. 
The  proportion  of  the  barrens  and  of  grass  lands  suitable  only 
to  grazing  is  approximately  the  same  in  both  coimtries,  and  the 
entire  remainder  available  for  agriculture  and  forests  is  in  each 
country  a  little  less  than  half  the  total — ^46  per  cent  in  Switzer- 
land and  48  per  cent  in  the  Andean  r^on.  Agriculture  actually 
occupies  25  per  cent  in  Switzerland,  as  contrasted  with  8  per 
cent  in  the  Andes,  because  Switzerland  is  an  old  country,  where 
all  available  slopes  are  tilled,  whereas  the  estimate  for  the 
Andes  is  based  on  the  requirements  of  the  population  that  may 
settle  there  in  the  next  thirty  years.  Areas  classified  as  most 
appropriate  to  forest  crops  in  the  earlier  stages  of  settlement 
will  be  transferred  to  food  crops  as  the  density  of  population 
increases.    Thus  apparent  differences  will  be  modified  as  chang- 
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PHYSICAL  BASIS  OF  THE  NORTHERN  ANDEAN  LAKE  REGION 
COMPARED  WITH   THAT  OF   SWITZERLAND* 


Aiea 

Land  duMficatkm  (per  coit  0! 
totolaica) 

FopQlatiMi 

Areas 

above 

tree  line, 

or  barren 

Graaa 
lands 
only 

Acficultuial 

lands, 

cultivated 

and  under 

fbiesU 

Andean  lake  region 

Switzerland 

32,000 
41,378 

25 
29 

27 
25 

48 
46 

5,000 

3,741,971 
in  1910 

ing  conditions  may  determine,  since  economic  laws  require  that 
the  soil  shall  be  appropriated  to  that  use  which  yields  the  largest 
return  to  the  owner  or  the  community.  As  it  is,  Switzerland 
imports  the  bulk  of  the  food  stuffs  consumed  by  her  population. 
The  Andean  lake  r^on  will  do  the  same,  when  her  industries 
develop  as  those  of  Switzerland  have. 

With  this  suggestion  we  may  consider  more  closely  the 
available  resources  of  the  Andean  r^on,  bearing  constantly 
in  mind  the  idea  of  an  industrial  community  and  its  relations  to 
the  agricultural  pe(^le  of  the  same  nation. 

Classification  of  Lands 

In  classifying  lands  the  f imdamental  purpose  is  to  distinguish 
different  classes  according  to  the  economic  use  which  they  now 
have  or  may  have  under  different  conditions  of  settlements  and 
population  in  the  future.  In  any  r^on  which  is  sparsely  set- 
tled the  use  of  the  lands  is  determined  by  the  conveniences  of 
the  few  settlers  and  is  narrowly  limited  by  the  difficulties  of 
communication.    If  the  region  becomes  more  populous  and 

*  The  agricultural  lands  under  cultivation  and  in  forest  are  naturally  more  eztoisively 
cultivated  where  the  population  is  denser.  Thus  in  Switzeriand,  of  the  total  area  of  the 
country,  25  per  cent  is  cultivated  and  21  per  cent  is  in  forest;  whereas  in  the  Andes  we 
estimate  that  but  8  per  cent  will  be  brought  under  cultivation  within  thirty  years  and  40 
per  cent  will  remain  in  forest  This  ratio  will  change  by  extension  of  cultivation  over 
areas  previously  forested  in  the  Andes. 

Tlie  population  of  5,000  with  which  the  Andean  lake  region  is  credited  does  not 
include  2,000  or  more  squatters,  who  may  be  regarded  as  temporary  occupants  of  the  soiL 
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means  of  communication  improve^  the  convenience  of  use  and 
the  economic  possibilities  of  development  change  accordingly. 

A  classification  based  upon  existing  conditions  will  therefore 
differ  materially  from  one  based  on  conditions  that  may  be 
anticipated  as  likely  to  occur  at  some  future  date.  A  classifica- 
tion of  lands  is  therefore  not  a  final  disposition  of  them  but  is 
one  adjusted  to  some  probable  economic  phase  of  their  occupation 
and  involves  the  application  of  judgment  in  estimating  the  con- 
ditions likely  to  exist  imder  the  particular  drciunstances  that  are 
assiuned  as  a  basis. 

In  imdertaking  to  classify  the  lands  of  the  Cordillera  it  was 
assimied  that  we  might  from  the  present  state  of  development 
proceed  to  estimate  what  would  be  a  most  advantageous  economic 
use  thirty  years  hence.  We  thus  imdertook  to  distinguish 
between  the  present  and  future,  within  a  period  of  thirty  years. 

We  recc^ze  in  the  Cordillera  certain  natural  conditions 
which  affect  the  use  of  the  lands  and  which  may  be  considered 
permanent.  They  are  chiefly  climatic,  relating  to  temperature 
or  to  rainfall,  and  are  dependent  upon  altitude  or  geographic 
position;  thus  there  is  the  zone  of  alpine  pastures  or  rocky 
heights  more  than  1,500  meters  above  sea,  part  of  which  will  have 
a  certain  use  for  summer  grazing,  but  which,  since  it  cannot  affect 
the  capacity  of  the  coimtry  as  a  whole  for  population,  may  be 
classed  as  barren.  On  the  mountain  slopes  and  in  the  valleys 
of  many  drainage  basins  there  are  extensive  areas  of  forest  much 
of  which  is  now  in  a  virgin  condition  and  will  be  rq)laced  by 
cultivated  stands  of  trees,  but  these  areas  should  never  be 
cleared,  because  the  forest  is  necessary  to  regulate  the  flow  of 
the  waters  that  are  essential  to  the  cultivation  of  crops  in  more 
or  less  distant  valleys.  The  interest  of  the  population  settled 
on  the  distant  lands  under  irrigation  being  superior  to  any  cul- 
tivation of  which  the  forest  lands  might  be  capable,  the  latter 
will  be  kept  constantly  in  forest.    Such  areas,  therefore,  con- 
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stitute  permanent  forest  lands.  In  certain  other  districts  the 
rainfall  may  be  inadequate  or  the  topographic  character  of  the 
country  unsuited  to  general  agriculture  or  to  forestry,  yet  the 
lands  may  produce  grasses  or  other  fodder  plants  in  such  quan- 
tity as  to  be  valuable  for  gra^g  piuposes.  Such  lands  are 
therefore  limited  by  natural  conditions  to  grazing  and  have  no 
other  probable  use.  The  lands  of  these  several  types — the  bar- 
ren heights,  necessary  forest  reserves,  and  pastures  not  suitable 
for  other  uses— are  areas  permanently  destined  to  the  respective 
uses  indicated. 

In  contrast  to  these  lands  we  may  distinguish  as  areas  that 
may  be  more  or  less  economically  developed  in  one  way  or 
another  those  valley  lands  and  lower  moimtain  slopes  which 
are  adapted  to  agriculture,  to  forestry,  or  to  grazing,  according 
to  the  local  conditions.  A  small  proportion  of  such  areas  must 
also  be  considered  as  apprc^nate  to  town  sites,  mill  sites,  or  other 
special  uses.  Such  areas  are  those  which  will  vary  most  in  their 
development  and  in  regard  to  which  the  factor  of  judgment  is 
most  concerned. 

We  distinguish  as  agricultural  lands  those  which,  from  their 
situation,  soil,  and  drainage,  are  adapted  to  yield  a  better  profit 
in  alfalfa,  grass,  grain,  vegetables,  or  fruit  than  imder  any  other 
condition  of  exploitation.  During  the  first  thirty  years  of  set- 
tlement they  may  be  still  covered  with  forest  or  imderbrush 
or  already  cleared;  they  are  distinguished  by  situation  and 
fertility  rather  than  by  present  condition.  Adjacent  to  the 
agricultural  lands  or  in  remoter  districts  where  settlements  are 
not  likely  to  be  made  within  thirty  years,  there  are  commonly 
areas  which  will  be  cleared  of  forest  and  brought  imder  cultiva- 
tion as  the  density  of  the  population  increases.  They  are  for 
the  present  classed  as  forest  lands  but  might  in  a  more  detailed 
and  accurate  survey  be  distinctly  indicated  as  potential  agricul- 
tural lands. 
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Grazing  lands  comprise  in  effect  all  areas  where  pasture 
grows,  until  a  higher  economic  use  drives  the  cattle  out.  The 
agricultural  valleys,  the  potential  agricultural  lands,  the  perma- 
nent forest  reserves,  and  the  alpine  pastures  are  all  grazing 
lands,  subject  to  the  condition  that  grazing  shall  be  subordinate 
to  any  interest  which  either  dass  of  land  may  rq)resent  in  the 
general  welfare  of  the  commimity  or  to  the  profit  to  be  derived 
from  it  by  the  owner  without  prejudice  to  that  general  welfare. 

The  considerations  which  have  been  set  forth  in  the  pre- 
ceding paragraphs  were  embodied  in  general  instructions  to  those 
members  of  the  Comisi6n  de  Estudios  Hidrol6gicos  to  whom  the 
task  of  classifying  the  lands  of  the  Cordillera  was  entrusted  in 
1912.  They  were  Messrs.  Bailey  Willis,  Director;  Wellington 
D.  Jones,  Economic  Geographer;  and  J.  R.  Pemberton,  Geol- 
ogist. Mr.  Jones  surveyed  the  districts  in  the  north  between 
Lago  Huechulaufquen  and  Lago  Nahuel  Huapi.  Mr.  Pember- 
ton b^an  his  work  in  the  far  south  in  the  valley  of  the  Corcovado 
and  working  northward  covered  all  the  area  up  to  Lago  Puelo, 
Cholila,  and  the  upper  Chubut.  Mr.  Willis  examined  the 
region  between  Lago  Nahuel  Huapi  and  the  northern  limit  of 
Mr.  Pemberton's  work  and  also  reconnoitered  a  large  part  of  the 
areas  covered  by  his  collaborators,  in  order  to  coordinate  the 
classification  through  the  whole  area. 

The  general  result  of  the  study  has  been  to  show  that  the 
raising  of  high-bred  cattle  and  dairying  will  be  the  principal 
industry  dependent  on  the  lands  of  this  region.  Very  extensive 
forest  reserves  will  be  required  to  control  the  waters  of  the 
great  rivers,  not  only  for  irrigation,  as  along  the  Limay  and 
Chubut,  but  also  for  hydro-electric  power  along  both  Atlantic 
and  Pacific  tributaries.  The  cultivation  of  crops  cannot  occupy 
large  areas.  In  certain  low  valleys  of  limited  extent  fruits, 
vegetables,  and  grain  will  flourish  without  irrigation.  In  others 
irrigation  will  be  necessary.    Outside  of  these  valleys  the  lands 
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suitable  for  cultivation  lie  generally  at  so  great  an  elevation  that 
they  are  liable  to  frosts,  and  harvests  will  be  restricted  to  hardy 
fodder  crops,  which  will  be  needed  to  the  full  amount  that  can 
be  raised  for  winter  feeding  of  valuable  dairy  and  beef  cattle. 

In  the  following  tables  and  in  the  maps  showing  the  land 
classification,  which  accompany  this  volume,  we  distinguish  in 
our  estimate: 

(i)  The  agricultural  lands  which  will  be  brought  imder  cul- 
tivation within  thirty  years.  The  different  classes  are  separated 
in  the  tabulation  but  are  grouped  in  the  maps  as  agricultural 
lands,  without  distinction  of  classes. 

(2)  The  forest  lands  which  still  carry  large  trees  and  are 
essentially  in  a  virgin  condition. 

(3)  The  brushy  forest  growth  which  has  sprung  up  after 
the  destruction  of  the  original  forest  by  fire  or  which  represents 
the  eastern  margin  of  the  growth  of  trees  and  large  shrubs. 

(4)  The  forest  areas  burnt  over  in  recent  fires.  South  of  Lago 
Nahuel  Huapf  the  bums  are  extensive.  North  of  that  lake  they 
were  not  foimd  to  be  important  and  were  not  distinguished. 

(5)  The  grassy  serranfas  of  the  eastem  moimtains  and  adja- 
cent plateaus,  suitable  only  to  grazing  of  cattle  and  sheep. 

(6)  The  alpine  pastures  or  barrens  more  than  1,500  meters 
above  sea. 

(7)  The  areas  of  the  lakes. 

The  distinctions  emmierated,  with  the  excq)tion  of  the 
agricultural  lands,  are  those  which  now  exist  on  the  groimd. 
Much  of  the  agricultural  land  is  now  swamp  or  arid  plain  and 
awaits  drainage  or  irrigation  within  thirty  years.  In  the  forest 
and  brushy  areas  are  included  potential  agricultural  lands, 
which  may  be  cleared  at  some  future  time,  beyond  this  genera- 
tion, but  which  we  have  not  separated.  Grazing  may  be  car- 
ried on  in  nearly  aU  except  agricultural  lands  of  the  better  class, 
and  grazing  lands  therefore  constitute  a  comprehensive  cate- 
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gory.  The  tables  and  maps  are  not  quite  consistent  in  this 
respect.  For  this  district  north  of  Lago  Nahuel  Hnapf  the  areas 
classed  in  the  tables  as  '^ grazing  lands"  include  the  grassy  ser- 
ranfas  and  brushy  lands.  For  the  districts  south  of  Lago  Nahuel 
Huapf,  the  term  '^grazing  lands"  in  the  tabulation  includes  not 
only  the  grassy  and  brushy  areas,  but  also  forest  areas  suited  to 
grazing,  while  the  forest  and  brush  lands  are  separately  stated. 
In  the  maps  the  different  classes  are  distinguished  as  they  now 
exist. 

Separate  tabulation  has  been  made  to  accompany  the  chap- 
ters on  agriculture  and  grazing. 

The  tabulation  of  the  classification  of  lands,  arranged  by 
drainage  basins,  follows. 

Tables  Showing  the  Classification  of  Lands  Enumerated 
BY  Drainage  Basins  from  Lago  Huechulaufquen  to 

THE   Rio    CORCOVADO 

Note.— The  areas  tabulated  in  these  tables  are  represented  on  the  land  classification 
map  of  the  Cordillera  in  twelve  sheets. 

DRAINAGE  BASIN  OF  LAGO  HUECHULAUFQUEN 


Am                     1 

,  Square 
kilometen 

^ 

Putt 

Totab 

Lakes: 
Lago  Huechulaxifquen— 
Huechulaufquen  proper 

84.0 
16.0 
zo.o 
II. S 

I.O 

122.5 
386.0 

47.2 
149.0 

Brazo  Paimiin 

Brazo  Epulaufquen 

Lago  Curhu6 

Lago  Curhu6  Chico 

Heights  and  barrens: 
Siftri^  r^H  Mamuil  Malal 

141. 1 

92.0 

74.0 

79  0 

Main  CordUlera  and  spurs 

Cerro  Contra  and  spurs 

Cerro  Colo  Huincul  group 
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DRAINAGE  BASIN  OF  LAGO  HUECHULAUFQUEN 
(Continued) 


Forests: 

North  of  Lago  Huechulaxifquen  proper 

Tributary  to  Lago  Paimfin 

Tributary  to  Lago  Epulaufquen  (west  of  the  Escorial). . 
South  shore  of  Lago  Huechulaufquen  and  Epulaufquen 

(east  of  the  Escorial) 

North  shore  of  Lago  Curhu^ 

Rio  Curhu6,  North  Fork,  in  isolated  woods  altogether 

About  headwaters  of  South  Fork,  isolated  woods 

Lago  Curhu^y  south  shore 

Mountain  slopes  and  plateaus  suitable  for  grazing  only: 
North  shore  of  Lago  Huechulaufquen  from  Lago  Pal- 

mOn  to  the  outlet 

East  of  the  valley  of  the  Chimehufn  to  the  immediate 

summit  of  the  plateau 

South  of  Lago  Huechulaufquen  and  north  of  the  Rio 

Curhu^ 

South  of  Rio  Curhu6  to  the  divide  with  Lago  Lolog  and 

east  of  Lago  Curhu^ 

South  shore  of  Lago  Curhu^ 

Lands  suitable  for  agriculture  without  irrigation: 

Shores  of  Lago  Huechulaufquen 

East  end  of  Lago  Curhu^ 

Lands  suitable  for  agricidture  with  irrigation: 
Valley  of  the  Chimehufn  from  the  outlet  of  Lago  Hue- 

chulaxifquen  to  the  narrows  above  Junfn  de  los 

Andes  (two-thirds  irrigable) 

Valley  of  Rio  Curhu6  above  its  junction  with  the 

Chimehufn  (two-thirds  irrigable) 

Valley  of  the  Chimehufn  below  its  junction  with  the 

Curfau6  to  Rio  Quilquihu^  (two-thirds  irrigable) 

Total  area  of  drainage  basin 


Aiea                       1 

Square 
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Square 
milct 

Putt 

Totab 

SI.O 

125.0 

63.0 

16.S 
255 
13.0 
30.0 
16.0 

130. 6 

340.0 

92.0 

165.0 

223.0 

156.0 
33  0 

669.0 

2IS.9 

14.7 
2.1 

16.8 

6.5 

Sio 

65.0 

13.0 

129.0 

46.4 

1,663.3 
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DRAINAGE  BASIN  OF  LAGO  LOLOG 


Lakes: 
Lago  Lolog 

Barrens: 

Main  range  north  of  Lago  Lolog 

Main  range  northwest  of  Lago  Lolog 

Range  north  of  west  end  of  Lago  Lolog 

Small  peak  in  boundary  west  of  Lago  Lolog. . . 

Peak  northeast  of  east  end  of  Lago  Lolog 

Main  range  south  of  Lago  Lolog 

Forests: 

North  of  central  portion  of  Lago  Lolog 

Northwest,  west,  and  southwest  of  Lago  Lolog 

South  of  Lago  Lolog 

North  of  east  end  of  Lago  Lolog 

Tributary  to  Rio  Auquinco 

Southwest  of  east  end  of  Lago  Lolog 

Grazing  lands: 

Tributary  to  Rio  Auquinco 

Northeast  of  Lago  Lolog 

South  of  Lago  Lolog 

Agricultural  lands: 

North  of  Lago  Lolog 

West  of  Lago  Lolog 

Northeast  of  Lago  Lolog 

Total  area  of  drainage  basin 


Area 


Square 
kikHDeten 


Parti 


34.0 


35.3 

38.8 

SO 

I.O 

.5 
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19.0 

91.0 

75 

1.2 

16.4 

10. 1 

61.0 

to. 6 

33-4 

10. 0 

35 

S.a 

Totab 


34.0 


128.6 


145.  a 


105.0 


18.7 


431. S 


Square 


13.2 


49-7 


S6.i 


39S 
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DRAINAGE  BASIN  OF  LAGO  LACAR 


Lakes: 

Lago  Lacar 

LagoQueni 

Barrens: 

Range  north  of  Lago  Lacar 

Range  along  boundary 

Three  peaks  south  of  Lago  Lacar 

Range  southeast  of  Lago  Lacar 

Isolated  peak  east  of  Lago  Queni 

Forests: 
Drainage  basin  of  Lago  Lacar  west  of  Paso  Pilpil 
Isolated  patches  south  of  east  end  of  Lago  Laaur. 
Isolated  patches  north  of  east  end  of  Lago  Lacar. 

Grazing  lands: 

Isolated  patches  near  boundary  line 

Isolated  patches  south  of  west  end  of  lake 

Isolated  patches  south  of  Lago  Lacar 

East  end  of  main  basin  south  of  main  road 

East  end  of  main  basin  north  of  main  road 

Agricultural  lands: 

Quinalahu6  north  of  Lago  Lacar 

Patches  bordering  on  north  shore. 

Valley  of  Rio  Huahum 

West  side  of  Lago  Queni. ..;;.;; 

South  end  of  Lago  Queni 

South  shore  of  Lago  Lacar 

Isdated  patch  south  of  Lago  Lacar 

Vega  de  MaipA 

Patches  north  of  Lago  Lacar 

East  of  Vega  de  Maip6 

North  of  Lago  Queni 

Town  »te  of  San  Martin  de  los  Andes 

Total  area  of  drainage  basin 


Area 


Square 
kiloineten 


Parts         Totab 


52.0 
3.0 


28.0 
90.4 
42.0 
33.0 
4.0 


479.2 

14.0 

2.0 


x.o 

x.o 

6.1 

117. o 

55-8 


35 
6.S 
53 
i.o 

1.4 

X.2 

1.0 

19.8 

6.3 

35 
.5 


a.o 


SS.o 


197.4 


49S.2 


180.9 


50.0 
2.0 


980.S 


Square 


21. 2 


76.2 


191. 9 


69.8 


19.2 
8.8 


379.1 


Digitized  by 


Google 
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DRAINAGE  BASIN  OF  LAGO  MELIQUINA 


Lakes: 

Lago  Meliquina 

Lago  Machonico 

Bairens: 
Main  range  north  and  northeast  of  the  lake 

Main  range  southwest  of  the  lake 

Main  range  north  of  Rio  Meliquina 

Main  range  south  of  Rio  Meliquina 

Forests: 

North  and  northwest  of  the  lake 

Southwest  of  the  lake 

North  of  Rio  Meliquina 

South  of  Rio  Meliquina 

Grazing  lands: 

Northeast  of  the  lake 

Southwest  of  the  lake , 

North  of  Rio  Meliquina 

South  of  Rio  Meliquina , 

Agricultural  lands: 
North  and  northwest  of  Lago  Meliquina. . . . 

North  of  Lago  Machonico 

West  end  of  Lago  Machonico 

Upper  valley  of  Rio  Meliquina 

South  tributary  of  Rio  Meliquina 

North  tributary  of  Rio  Meliquina 

Total  area  of  drainage  basin 


Area 


Square 
kilometeti 


Puts         ToUb 


12.0 
1.4 


47.3 

21.3 

II.4 

4.8 


27.1 
7.8 

39.6 
6.1 


34.6 

34.5 
37.1 
30. 8 


7.4 

1.4 

.4 

1.6 

55 
1.4 


134 


84.7 


80.6 


117. o 


17.7 


313 -4 


Square 
iniiei 


5.2 


32.7 


31.1 


45. 4 


6.8 
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Google 
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DRAINAGE  BASIN  OF  LAGO  HERMOSO 


Lakes: 
Lago  Hermoso. 


Barrens: 
Western  part  of  basin. 

Forests: 
Total  in  basin 


Grazing  lands: 
South  of  east  end  of  lake. 

Agricultural  lands: 
West  end  of  lake , 


Total  area  of  drainage  basin. 


Area 


Square 
kilonictrri 


ParU 


9.5 


13. 6 


77.2 


I.O 


Totab 


95 


13.6 


77. a 


0.3 


i.o 


100.5 


Square 


3.7 


4.9 


39.8 


0.08 


.39 


38.87 


DRAINAGE  BASIN  OF  RIO  QUILQUIHUfi 


1 

Square 
kiloiiieCcn 

Square 
iniles 

Putt 

Totab 

Barrens: 
Northeast  of  south  end  of  Laso  Loloe 

IS 
18. 1 

75.3 
60.0 

16.S 

l.S 
18. 1 

151. 7 
83.8 

0.6 
7.0 

S8.6 
32.4 

Forests: 
Northwest  comer  of  basin 

Grazing  lands: 
South  of  valley 

North  of  valley  and  west  of  Rio  Himihufn 

North  of  valley  and  east  of  Rio  Hunihufn 

Agricultural  lands: 
Main  valley  and  tributaries  (two-thirds  irrigable) 

Total  area  of  drainage  basin 

83.8 

^SS-J^ 

98.6 

Digitized  by 


Google 
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NORTHERN  PATAGONIA 


ARROYO  QUEMQUEMTREU; 

DRAINAGE  BASIN  EAST  OF  BASIN  OF  LAGOS  LACAR  AND  MELI- 
QUINA  AND  SOUTH  OF  RIO  QUILQUIHUfi 


A~                       1 

Square  kilometen 

Square 
mfles 

Paiti 

ToUb 

Barrens 

103.0 
146.3 

103.0 
146.3 

39.8 
56.5 

Grazing  lands 

Total  area  of  drainage  basin 

249. 3 

96.3 

DRAINAGE  BASIN  OF  RIO  CALEUFU 


Aiea                        1 

Square  knometen 

Square 
rnOea 

Parta 

ToUb 

Barrens: 
Main  range  on  east  side 

32.0 

I.O 

33.0 
24.3 

45. a 
6.0 

12. 7 
9-4 

17.4 
2.3 

Maii^  r*nge  oi>  west  side  - .,.  t ..«..,  ^  ^ .............  r 

Forests: 
On  east  side  of  basin ............................... 

X7.5 
6.8 

On  west  side  of  bfurin 

Grazing  lands: 
East  side  of  baun 

23s 
21.7 

W^t  ?»«de  "f  Iw^in . 

Agricultural  lands: 
Valley  bottom 

6.0 

Total  area  of  drainage  basin 

108.S 

41.8 
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Lakes: 
Lago  ^llarino 

Bairens: 

Range  to  north 

Range  to  west  and  southwest. 

Forest: 
Total  in  basin 


Grazing: 
East  end  ol  Lago  Villarino. 

Agriculture: 
West  end  of  Lago  \ailarino. . 


Total  area  of  drainage  basin. 


A~                      1 

Square  kilometen 

Square 
milea 

ParU 

Totab 

6.1 

6.Z 

2.4 

3.1 
9.0 

13. X 

4.7 

71.0 

71.0 

274 

a. 3 

3.3 

0.8 

0.9 

0.9 

0.3 

92.3 

35.6 

DRAINAGE  BASIN  OF  LAGO  FALKNER 

A~                        1 

Square  UUMDetcn 

Square 
miiei 

Parti 

Totals 

Lakes: 
Lag^  Falkner 

iz.o 
1.3 

"3 
24.3 

77.4 

33  9 

8.4 

4.7 
9.4 

39.9 

13. 1 
3.2 

LagoNuevOwa.   ..     .                    .  .   .. 

Barrens: 
Kftnge  northeast  of  T«ago  FalkneT 

8.8 
3.3 

13.3 

Range  northwest  of  Lago  Falkner 

Kftnffe  80uth  of  Laffo  Falkner 

Forest  lands: 
Northwest  of  Lago  Falkner  and  west  of  tributary  stieam 
North  of  Lago  Falkner  and  east  of  tributary  stream. . . 
South  of  Tyago  Falkner 

33.6 

36.8 

7.0 

Grazing  lands: 
NortH  Af  T.^ig«>  Fiilkmr. . . , 

13.3 

30. 6 

South  of  Lago  Falkner 

Agricultural  lands: 
Valley  lands  north  of  Lago  Falkner,  Ville  Hermoso. . . . 

Total  area  of  drainage  basin 

8.4 

156.3 

60.3 
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DRAINAGE  BASIN  OF  LAGO  CORRENTOSO 


^          1 

Square  kilometen 

Sqnaie 
fflflet 

Puts 

ToUb 

Lakes: 
Lago  Conentoso 

259 

1.2 

27.1 

13.3 

ZO8.3 

9.3 
1.0 

lO.S 

4.7 

41.8 
3.6 
0.4 

Lake  between  Conentoso  and  Espejo 

Barrens: 
Range  east  of  Correntoso 

SO 

1.3 
59 

Range  northeast  of  Correntosa 

Range  northwest  of  Correntoso • 

Forest  lands: 
East  and  north  of  Correntoso 

81.3 
36.9 

West  of  Correntoso 

Brush  lands: 
Nirt- 
North  of  Conentoso 

9-3 

I.O 

Agricultural  lands: 
West  of  north  end  of  Lago  Correntoso 

Total  area  of  drainage  basin 

157.8 

61.0 

DRAINAGE  BASIN  OF  RIO  TRAFUL 


Brush  lands: 
Nirt— 

South  side  of  valley. 
Bums — 

South  of  Rio  Traful. 


Grazing  lands: 
North  of  Rio  Traful. 
South  of  Rio  Traful. 


Agricultural  lands: 
Valley  of  Rio  Traful. 

Barrens: 
North  of  Rio  Traful. 
South  of  Rio  Traful. , 


Total  area  of  drainage  basin. 


Area 


Square  kDometen 


Parts 


67.2 
62.3 


91.6 
195.6 


30.8 

66.0 
170.0 


Totab 


67.2 
63.2 

287.3 
30.8 

236.0 


683.4 


Square 


26.0 
24.0 

XIO.9 
II.9 

91. 1 


263.9 


Digitized  by 


Google 


-■;:. 


x^^.<^m 


Digitized  by 


Google 
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Lakes: 
Lago  Espejo 

Barrens: 
Ranges  northeast,  north,  and  northwest 

Forest  lands: 
Total  in  basin 

Brush  lands: 
Niri— 
North  of  Lago  Espejo 

Agricultural  lands: 
Total  in  basin 

Total  area  of  drainage  basin 


Area                         | 

Square  kiloiiieCcn 

Square 
miles 

ParU 

Totab 

38.2 

38.2 

14.8 

32. 0 

22.0 

8.5 

165.6 

165.6 

63.9 

7.0 

7.0 

2-7 

SO 

SO 

1.9 

237.8 

91.8 

DRAINAGE  BASIN  OF  LAGO  TRAFUI 

t 

A«                      1 

Square  knomrtea 

Square 
mflet 

ParU 

Totab 

Lakes: 
Lago  Traful 

70.0 

S4.0 
82.0 
12.0 

70.0 

148.0 
266.0 

47.2 
4.0 

27.0 

S7.I 
102.7 

18.2 
1.6 

Barrens: 
Range  north  of  I«ago  Traful      .   ...   .   ........   .   . . 

Range  south  and  west  of  Lago  Traful 

Range  on  boundary  line .... . 

Forest  lands: 
Total  in  basin 

266.0 

47.2 
4.0 

Brush  lands: 
Niri— 
Sntitb  of  Lago  Traful w                              .  ***. 

Agricultural  lands: 
West  end  of  Lago  Traful 

Total  area  of  drainaffe  basin 

S3S.3 

206.6 

Digitized  by 


Google 
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DRAINAGE  BASIN  OF  LAGO  NAHUEL  HUAPl 


Area 


Square  kOometen 


ParU  Totals 


Square 


Lakes: 

Nahud  Huapi 

Gutierrez 

Frias 

Larga 

Frey 

Barrens: 

Drainage  basin  of  Brazo  de  Huemul 

North  of  Puerto  Manzano 

Between  drainage  basin  of  Lago  Espejo  and  Larga. 

Drainage  basin  of  Lago  Larga 

Between  Lago  Larga  and  Brazo  de  Puerto  Blest. . . 

Drainage  basin  of  Brazo  de  Puerto  Blest 

Drainage  basin  of  Golfo  de  la  Tristeza 

Drainage  basin  of  Lago  Frey 

Drainage  basin  of  Arroyo  Goya 

Drainage  basin  of  Lago  Gutierrez 

North  side  of  Peninsula  Norte 

Forest  lands: 

Tributary  to  Brazo  de  Huemul 

Between  Brazo  de  Huemul  and  Lago  Correntoso. . . 

Large  peninsula  north  end  of  lake 

Isla  Victoria 

Between  Lago  Correntoso  and  Lago  Larga 

Drainage  basin  of  Laguna  Larga 

Between  Lago  Larga  and  Brazo  de  Puerto  Blest. . . 

Tributary  to  Brazo  de  Puerto  Blest 

Tributary  to  Golfo  de  la  Tristeza 

Tributary  to  Lago  Frey 

Tributary  to  Arroyo  Goya 

Peninsula  de  San  Pedro 

Tributary  to  Lago  Gutitoez 

Peninsula  Norte 

Brush  lands: 
Niri— 

South  of  Peninsula  de  San  Pedro 

Tributary  to  Lago  Gutierrez 

Peninsula  Norte 


557. o 

18.0 

5.0 

4.5 
i.o 


165.2 
X00.8 
117. o 

31. a 
n6.8 
136.8 

88.8 

15.4 
74.0 

38.4 
3.5 


35.6 
57.6 
24.0 
28.6 
218.8 
28.0 

Z20.8 

140.0 

67.6 

33.2 
42.8 

15.2 

38.4 

16.0 


30.4 

26.0 
XI8.4 


585.5 


326.1 


886.9 


342.4 


866.6 


334.6 


174.8 


67.5 
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DRAINAGE  BASIN  OF  LAGO  NAHUEL  HUAPl 
(Continxted) 


Area 


Square  kilomctcri 


Parts 


Totals 


Square 
miles 


Burns,  recent — 

Brazo  de  Huemul 

West  of  Arroyo  Huemul 

North  of  Puerto  Manzano 

Mouth  of  stream  opposite  peninsula  near  north  end 
of  kike 

Isla  Victoria 

Peninsula  de  San  Pedro 

Drainage  basin  of  Arroyo  Goya 

'   Drainage  basin  of  Lago  Gutierrez 

Opposite  Isla  Victoria  on  mainland,  south  side 

Grazing  lands: 
North  of  Puerto  Manzano 

Agricultural  lands: 

Paso  Coihu6 

Puerto  Manzano 

Ultima  Esperanza 

El  Rinc6n 

lAgo  Gutierrez,  south  end 

Lago  Gutierrez,  north  end 

Mouth  of  Arroyo  Gutierrez 

Peninsula  Norte 

South  of  El  Rlnc6n 

Total  area  of  drainage  basbi 


34.0 

8.0 

1S.6 

6.8 

2.4 
12.2 

12. 0 

II. 6 
10.4 


52. o 


9.6 

18.8 

I.O 

20.8 

3.3 

2.2 

5.6 
10.8 

7.6 


113. o 


Sa.o 


43.6 


20.1 


79.6 


30.7 


3,758.4 


1,065.0 
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Google 
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NORTHERN  PATAGONIA 
DRAINAGE  BASIN  OF  UPPER  MANSO 


Lakes: 

LagoMascardi 

Lago  Giiillelmo 

Barrens: 

Range  east  of  Lago  Mascardi 

Range  of  north  end  of  Lago  Mascardi 

Range  north  and  northwest  of  Lago  Mascardi 

Souuieast  slopes  of  Tronador 

Isolated  peaks  southwest  of  Lago  Mascardi 

Range  west  of  Lago  Guillelmo 

Range  east  of  Lago  Guillelmo 

Graang  lands: 
First  class — 

North  of  Lagos  Mascardi  and  Manso 

South  of  Lagos  Mascardi  and  Manso 

East  of  Lago  Guillelmo 

West  of  Li^  Guillelmo 

South  of  Lago  Guillelmo 

Agricultural  lands: 
Second  class — 

North  end  of  Lago  Mascardi 

Upper  Rio  Manso 

Southwest  of  west  end  of  Lago  Mascardi 

South  of  Lago  Guillelmo 

Total  area  of  drainage  basin 

Forest  lands:* 

North  of  Lago  Mascardi  and  Rio  Manso 

South  of  Rio  Manso 

South  of  west  end  of  Lago  Mascardi 

South  of  Lago  Mascardi 

East  of  Lago  Mascardi 

South  of  Lago  Guillelmo 

Brush  lands:* 
Niri— 

North  of  east  end  of  Lago  Mascardi 

North  of  west  end  of  Lago  Mascardi 

Cerro  El  Morro 

Southwest  of  Lago  Mascardi 

South  of  Lago  Mascardi 

East  of  Lago  Mascardi 

East  and  south  of  Lago  Guillelmo 

Bums — 
Basins  of  Lagos  GuOlehno,  Mascardi,  and  upper  Manso 

Total  forest  and  brush 


Area 


Square  kilomctcri 


ParU 


36.0 
16.0 


7.6 

8.8 

34.0 

34.0 

6.S 
10.4 
18.4 


92.0 

183.2 

S4.0 

38.0 

i.o 


3. a 

14.0 

6.0 

8.4 


76.4 
82.3 

4.0 
II. 6 
16.4 

4.4 


9.6 
10.8 

4.8 
10.4 
12.8 

8.8 
35.6 


/7.2 


Toub 


52.0 


119.7 


358.2 


31.6 


561. 5 


195.0 


92.8 
47.3 


335. o 


Squmre 


46.4 


X37.3 


12. 2 


216.0 


75.3 


35.8 
18.2 


"9-3 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  MANSO— LAGO  HESS  SECTION 


Lakes: 

Lago  FoQck 

Lago  Hess 

Lago  Vidal  Gormaz 

Lago  Felipe 

Small  lake  west  of  Vidal  Gormaz. 

Barrens: 

Northwest  o£  Lago  Fonck 

Southwest  of  Lago  Fonck 

Southeast  of  Lago  Hess 

West  of  Lago  Vidal  Gormaz 


Grazing  lands: 
First  class— 

Total  in  basin 

Third  class— 

East  of  Lago  Hess. 


Agricultural  lands: 
Second  class — 
Around  Lago  Hess  and  Vidal  Gormaz. 
Manso  valley  west  of  Mascardi  outlet. 


Total  area  of  drainage  basin. 


Forest  lands:* 

Lago  Hess  basin 

East  of  Lago  Hess  in  southeast  comer  of  basin. 


Brush  lands:* 
Niri— 

South  of  Lago  Hess 

Bums — 

River  valley  between  Lagos  Hess  and  Mascardi. 


Total  forest  and  brush. 


Area 


Square  Ulometen 


Parts         Totab 


8.0 
4.0 

45 
i.o 

I.O 


13. S 

15.0 
3.0 


178.8 
9.4 


24.0 
4.0 


176.0 

S'2 


7.2 
23.6 


18.S 


36.1 


188.2 


28.0 


270.8 


181. 2 

7.2 
23.6 


30.8 


Square 


7.1 


13  9 


72-7 


10.8 


104. 5 


70.0 

2.8 
9.1 


11.9 


81.9 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  MANSO-LAGOS  MARTIN  AND  STEFFEN 


Lakes: 

Lago  Martin 

Lago  Steffen 

Barrens: 

East  of  Manso,  north  of  Lago 'Steffen 

West  of  Manso,  north  of  Martin 

Crest  of  south  side  of  basin 

Grazing  lands: 

First  class- 
Total  in  basin 

Third  class- 
Valley  of  Manso 

Total  area  of  drainage  basin 

Forest  lands:* 
Lago  Martin  basin 

Brush  lands:* 
Bums — 
Manso  valley  and  basin  of  Lago  Steffen 

Total  forest  and  brush  lands 

*  Forest  and  brush  lands  included  in  grazing  lands. 


Area 


Sqnaxe 
kilometers 


Parts 


130 
7.0 


47.0 
14.0 
18.8 


195.6 
38.0 


XO4.4 


98.0 


Totab 


30.0 


79.8 


223.6 


323.4 


XO4.4 


98.0 


202.4 


Square 


7.7 


30.8 


86.3 


124.8 


40.3 


37.8 


78.1 
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Google 
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DRAINAGE    BASIN  OF  LOWER   MANSO,   NOT  INCLUDING  THE 
VnXEGAS  AND  FOYEL.    BELOW  LAGO  STEFFEN 


Barrens: 

Northern  crest  of  basin 

Isolated  peaks  akmg  boundary  line 

Isolated  peaks  south  of  Manso  Valley. 

Gradng  lands: 
First  class- 
Total  in  basin 


Agricultural  lands: 
First  dass— 

Manso  Valley  below  Lago  Steffcn • 

Second  class — 

Manso  Valley  between  Rios  Villegas  and  Foyel. 

Manso  Valley  below  Rio  Foyel 


Total  area  of  drainage  basin. 


Forest  lands:* 

East  of  Lago  Steffen 

South  slopes  of  range  south  of  Lago  Steffen. 

Bebw  mouth  of  Rio  Fo3rel 

North  slope  of  Cerro  Foyel 


Brush  lands:* 
Niri— 

East  of  Lago  Steffen 

South  of  Manso  between  Rios  Villegas  and  Foyel. 


Bums- 
Lower  valley  of  Manso  north  of  river. 
Lower  valley  of  Manso  south  of  river. 


Total  forest  and  brush  lands. 


Area 


Sqoare 
kiknneteci 


Parts 


45-2 

7.0 

21.0 


295.4 


i.o 


Z3.0 
4.0 


3.6 

9.2 

14.8 

3.8 


20.0 
36.0 


114. 8 
Z24.0 


ToCab 


73.2 


295.4 


27. o 


385.6 


30.4 


56.0 


238.8 


325.2 


Square 


28.3 


114. 1 


6.6 


149.0 


II. 7 


2Z.6 


92.2 


"S.5 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  VILLEGAS 


A~                       1 

Square  kilometen 

Square 
miles 

Puts 

Totab 

Barrens: 
North  of  valley 

29.2 

45.2 
i.o 

75.4 
204.8 

4S.6 

29.1 
79.1 

17.6 

South  of  valley 

West  slope  of  Cerro  Colorado 

Grazing  lands: 
First  class- 
Total  in  hAsin 

204.8 

40.0 
2.0 
3.6 

Agricultural  lands: 
Second  class- 

Near  mouth  of  Villegas,  north  side 

North  of  valley  south  of  Guillelmo 

Total  area  of  drainaee  basin 

32S.8- 

125.8 

Forest  lands:* 
Cerro  near  head  of  Arroj^  Gxienchupan 

1.0 
2.0 

3.0 
126.0 

1.2 
49.8 

Patches  of  lenga  in  Cord6n  Blanco 

Brush  lands:* 
Niri— 
Valley  of  Rio  Villegas  and  Arroyo  Guenchupan 

Total  forest  and  bnuh  lands 

126. 0 

129.0 

Si.o 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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Lakes: 
Lago  Esomdido. 


Barrens: 

Headwater  ranges 

Cord6n  Serrucho 

Cerro  Ventisqtiero 

Range  southwest  of  Lago  Escondido. 

Grazing  lands: 
First  class- 
Total  in  basin 


Agricultural  lands: 
First  class — 

Mouth  of  Rio  Foyel 

Second  class — 

Lower  Foyel 

Around  Cerro  Fortaleza 

Across  valley  from  Cerro  Fortaleza. 

Valle  Grande 


Total  area  of  drainage  basin. 


Forest  lands:* 

Patches  of  lenga,  Valle  Grande 

Patch  of  lenga,  north  slope  of  Cord6n  Serrucho 

Patch  of  lenga,  Cerro  Foyel 

Lenga,  basin  of  Lago  Escondido  and  lower  valley  of 

Foyel 

Coihu6,  basin  of  Lago  Escondido 

Coihu6,  mouth  of  Foyel 

Coihu6,  Cerro  near  head  of  Arroyo  Guenchupan 

Brush  lands:* 
Niri-- 

Main  valley 

Bums — 

South  slopes  of  lower  valley 


Total  forest  and  brush  lands. 


^       1 

Squue  kilometen 

Square 
miles 

Parts 

Totals 

9.0 

9.0 

3.5 

62.4 

z6.o 

26.0 

168.0 

272.4 

105.2 

439.0 

4390 

169.5 

9.0 

II. 0 

65.0 

9.2 

4.8 

99.0 

38.2 

819.4 

316.4 

8.0 

12.0 

i.o 

44.8 

17.2 

1.0 

I.o 

85.0 

32.8 

266.0 

266.0 

102.7 

66.0 

66.0 

25.5 

417.0 

161. 0 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  QUEMQUEMTREU 


A«                      1 

Square  Ulometets 

Square 
miles 

Parts 

Totab 

Barrens: 
Cord6n  Semicho 

90.6 
17.0 
16.4 

124.0 
267.4 

145.0 

47.9 
103.2 

56.0 

Ranges  in  headwaters 

Cerro  Piltriquition 

Grazing  lands: 
First  class- 
Arroyo  Los  RepoUos 

59-8 

126.0 

81.6 

Rio  Quemquemtreu  above  Los  RepoUos 

Rio  Quemquemtreu  below  Los  RepoUos 

Agricultural  lands: 
First  class— 
El  Bol86n 

25.0 
SO 
^.0 

81.0 

27.0 

4.0 

Between  Bol96n  and  l/os  Reoollos 

Los  RepoUos 

Second  class- 
Head  of  Arroyo  del  Medio 

Vallev  of  Upner  Ouemnuemtreu 

Between  Bols6n  and  Hoyo 

Total  area  of  drainase  basin 

536.4 

207.1 

Forest  lands:* 
Lenflra.  headwaters  of  Rio  Ouemouemtreu 

12.5 
22.0 

34.5 

18.8 

240.8 
36.4 

13.2 

7.3 

95. 7 
14. 1 

Lenga,  south  of  Rio  above  Arroyo  Los  RepoUos 

Coihu6,  west  of  Los  RepoUos 

7.6 

S-2 

2.0 

Coihufi.  Arrovo  del  Medio 

Coihu6y  upper  Bol86n,  east  of  Rio 

Coihu6,  mouth  of  Rio 

Brush  lands:* 
Niri— 
Above  Bols6n 

234.8 

6.0 

South  of  Bols6n 

Bums— 
FAst  of  Bo1fl6n 

36.4 

Total  forest  and  brush  lands 

330.S 

130.3 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  AZUL 


A»                       1 

Square  Ulometen 

Square 

Parts 

Tolalt 

Barrens: 
Range  west  of  Rio  Azul 

215. 2 

X9S.6 

Q.o 

Z2.0 
2.0 

215.2 
195. 6 

23.0 

83.1 
7S.S 

8.9 

Grazing  lands: 
First  class- 
Total  in  basin 

Agricultural  lands: 
First  class- 
Lower  vaDey  of  Rio  Azul. 

Second  class— 
Upper  valley  of  Rio  Azul 

Lower  valley  of  Rio  Azul 

Total  area  of  dramafff  basin 

433.8 

167.5 

Forest  lands:* 
Lensra.  west  slooes  of  vallev 

S4.4 
z.o 

40.0 

Z08.0 
8.8 

54.4 
1.0 

40.0 

X16.8 

21. 0 
0.4 

154 

45. 1 

Cnihu£.  near  mouth  of  Rio  Ouemauemtreu 

Brush  lands:* 
Nirt- 
East  side  of  valley 

Bums — 
West  slooes  of  vaDcv 

West  side  of  valley  near  mouth 

Total  forest  and  brush  lands 

212.2 

81.9 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  LAGO  AND  RIO  EPUYfiN 


Lakes: 
Lago  Epuy6n. 


Barrens! 
South  of  Lago  Epuy^n. 
North  of  Lago  Epuy6n. 


Grazing  lands: 
First  class — 

Total  in  basin 

Third  class— 

CerroPirque 

North  of  Rio  Epuyto. 


Agricultural  lands: 
First  class— 

Hoyo  dc  Epuy6n 

Second  class — 

Between  Hojro  and  El  Bols6n 

Mouth  of  Lago  Epuy^n 

Isolated  patches  east  of  Lago  Epuyto. 


Total  area  of  drainage  basin. 


Forest  lands:* 
Lenga — 
Isolated  patches  south  basin. 
Isolated  patches  north  basin. 


Cipr^s— 
West  end  of  Lago  Epuy^n. 
Mouth  of  Lago  Epuy6n 


Brush  lands:* 
Niri— 
North  drainage  area. 
South  drainage  area. 


Bums- 
South  slope  and  lower  valley  of  Rio  Epuy6n. 


Total  forest  and  brush  lands. 


Area                       | 

Square  kOometen 

Square 
miles 

Parts 

Totals 

z8.o 

z8.o 

6.9 

Z82.O 

41.6 

223.6 

86.3 

408.8 

50.0 

23. 0 

480.8 

185.6 

17.0 

13.0 

6.0 

S4.6 

90.6 

37.1 

813.0 

3IS.9 

IS'S 

A$ 

19. 8 

7.6 

12. 0 

2.0 

14.0 

S-4 

108.0 

52.4 

160.4 

61.9 

84.0 

84.0 

32.4 

278.2 

107.3 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  LAGO  PUELO  AND  RIO  TURBIO 


A~                       1 

Sqoare  kilometen 

Sqoaie 
miles 

Parts 

ToUb 

lakes: 
T^go  Puelo. ..............................  X ..«.. X . 

40.0 

370.0 
536.0 

40.0 

370.0 
536.0 

15.4 

142.9 
207.0 

Grazing  lands: 
First  class- 
Total  in  basin 

Barrens: 
Total  in  ba^ 

Total  area  of  drainage  basin 

946.0 

365.3 

Forests:* 
Lenga— 
Northwest  o£  Laso  Puelo 

30.0 
276.0 

14.4 

28.4 
24.4 

20.0 
276.0 

14.4 
52.8 

7.7 
106.6 

5.6 

20.4 

C(nhu6  and  alerce— 
Total  \n  h^n , 

Brush  lands:* 
Niri— 
Valley  of  Rio  Turbio 

Bums — 
Northwwt of Tiago Puelo    .xlx     .   . 

Northfftfft  of  T^Affo  Puelo.  .   . 

Total  forest  and  brush  lands 

363.2 

140.3 

*  Forest  and  brush  lands  included  in  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  CHUBUT,  WEST  OF  THE  7l8T  MERIDIAN 


Lakes: 
Lago  dd  Condor. . . 

Barrens: 

Headwaters 

Mogote  Nevada 

Cerro  Piltriquitrcm. 
Cord6nLeleque.... 


Grazing  lands: 
First  class — 

Total  in  basin 

Third  class- 
East  of  mouth  of  Valle  Grande. 

North  of  Apichig 

North  of  Sheffield 

Northwest  of  Sheffield 

West  of  Sheffield 

Eastof  Mait^n 

West  of  Maitto 


Agricultural  lands: 
Second  class — 

Valle  Grande 

Rio  Chubut  above  Arroyo  Fitirihufn. 
Rio  Chubut  below  Arroyo  Fitirihufn. 
Estanda  Leleque 


Total  area  of  drainage  basin. 
Forest  lands:* 


Saittered  patches  north  of  Valle  Grande. 

Scattered  patches  north  of  Maitdn 

Scattered  patches  west  of  Mait^n 

East  slopes  of  Cord6n  Ldeque 


Brush  lands:* 
Niri— 
Valle  Grande  and  Rio  Alto  Chubut. 

West  and  northwest  of  Mait6n 

Head  of  Arroyo  Mait6n 


Total  forest  and  brush  lands. 


Area 


Square  kilometeiB 


Parts 


S.2 
44.0 

6.0 
XI. o 


1,832.0 

16.0 

4.0 
4.0 
3.0 
6.0 
23.0 
13.0 


13. o 

274.0 
88.0 

70.0 


34.6 

45. 7 
24.0 

7.3 


76.0 

104.0 

58.2 


Tolalt 


66.2 


1,901.0 


445.0 


2414.2 


III. 6 


238.2 


349.8 


Square 


0.8 


25.6 


734.0 


X71.7 


932.1 


43.1 


92.0 


135. 1 


*  Forest  and  brush  lands  induded  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  CHOLILA 


Area 


Square  Ulometen 


Parts         Totab 


Square 


Lakes: 

LagoddCisne 

Lago  de  Los  Mosquitos. 
Lake  west  of  Cholila 


Barrens: 
Coid6n  Cholila. , 
Cord6n  Lelcque. 


Graziiig  lands: 
First  class — 
Total  in  basin. 


Agriculturallands: 
Second  class— 
Cholila  Valley  and  Lago  Los  Mosquitos. 

Headwaters  of  Cholila 

Near  Lago  del  Cisne 

East  of  Lago  Los  Mosquitos 

Northeast  of  Lago  Los  Mosquitos 


Total  area  of  drahiage  basin. 

Forest  lands:* 
Lenga — 

Cord6n  Cholila 

Cord6n  Leleque 

South  of  Lago  Los  Mosquitos. . 


Brush  lands:* 
Niri— 
Total  in  basin. 


Total  forest  and  brush  lands. 


3.0 
3.6 
S.6 


39.2 
II. 4 


482.6 


79.0 

9.0 

14.0 

II. o 
lO.O 


8.5 
8.8 
7.1 


232.0 


40.6 


482.6 


123.0 


657-4 


24. 4 


232.0 


256.4 


4.3 


IS. 7 


186.3 


47. S 


253 -8 


9.4 


89.6 


99.0 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  UPPER  RIO  FETALEUFU,  INCLUDING  BASIN 
OF  LAGO  CHOLILA  AND  VALLEY  OF  RIO  TIGRE 


Lakes: 
Lago  Cholila. 


Barrens: 
Total  in  basin. 

Grazing  lands: 
Total  in  basin. 


Agricultural  lands: 
Second  class — 
Valley  of  Rio  Fetaleufu. 


Total  area  of  drainage  basin. 


Forest  lands:* 
Lenga— 
Isolated  patches  north  side  of  basin. 
Isolated  patches  south  side  of  basin. 

Cipr^s— 

Lago  Cholila 

Cipr68,  coihu6,  akrce — 

Rio  Tigrc 


Brush  lands:* 
Niri— 
Below  Lago  Cholila  above  Rio  Cholila. 


Total  forest  and  brush  lands. 


Area 


Square 
kibmeten 


Parts 


23.0 
263.0 
268.4 

22.3 


28.8 


7.0 

54.8 
74.4 


Totab 


23.0 
262.0 
268.4 


575.6 


32.3 
7.0 

54.8 
74.4 


168.4 


Square 
miles 


8.9 


103.6 


8.6 


222.3 


10.9 

a. 7 

21. 2 
28.7 


63.5 


^  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  FETALEUFU  BETWEEN  MOUTH  OF 
RIO  CHOULA  AND  LAGO  MENENDEZ 


A~                      1 

Sqiun 
kilomeCen 

Square 
milfla 

Parts 

Totab 

TAkra: 
Lugo  Ri  vadftvift 

30.0 
I.O 
I.O 

23. 0 

179-4 
342.2 

8.5 

69.3 
X32.X 

Snudl  lake  at  southeast  comer  of  basin 

Liuro  Las  Juntas 

Barrens: 
Ceno  Rivadavia  east  of  Lago  Rivadavia 

41.0 

XX2.4 

16.0 

lO.O 

High  range  northwest  of  Lago  Rivadavia 

Hifrh  ranse  east  of  L^jm  Lm  Juntas- .....  t .  t  1 1 .«.  r , . 

Grazing  lands: 
First  class- 
Total  in  basin 

342.2 

Total  area  of  drainase  basin 

543-6 

209.9 

Forest  lands:* 
Lenga— 

10.3 

35 

103.4 

4.0 

I2X.2 
34.4 

XO3.6 
36.x 

46.8 
13.3 

40.0 
13.9 

West  slopes  of  Ceno  Rivadavia 

Large  area  east  of  Lago  Rivadavia 

Isolated  patches  southwest  of  Lago  Rivadavia 

Coihu6- 
West  of  Iaufo  Rivadavia. 

34.4 

103.6 
36.1 

Brush  lands:* 
Niri— 
Basin  of  I^aiEo  Rivadavia 

Bums— 
Vftllfy  of  jyo  F^alf  ufu             

Total  forest  and  brush  lands 

295. 3 

XX4.0 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  FETALEUFU:  LAGO  MENfiNDEZ 


Area                        1 

Square 
kOometeia 

Squaie 
miles 

Parts 

Totalt 

Lakes: 
L&ffo  Meii6ndez 

66.0 
4.0 
x.o 

71.0 

300.8 
303.2 

27.4 

xx6.x 
1x7.x 

Lago  del  Cisne 

Small  lake  above  Lago  del  CisDe 

Barrens: 

High  range  northwest  and  west  of  Lago  Men6ndez 

Hiffh  ranffe  east  of  LasEO  Men^ndeZx . . . . .    ...  x .  ^ .... . 

265.0 

XI. 0 

24.8 

High  ranges  south  of  Lago  Mendndez  and  Rio  Los 
Alerces 

Grazing  lands: 
First  class- 
Total  in  basin 

301.2 
2.0 

Island  ii  T^iuro  Men^ndez 

Total  area  of  drainfure  basin 

675.0 

260.6 

Forest  lands:* 
Lenga— 
East  of  Laffo  Men6ndez. 

1.4 

X18.2 
2.0 

1.4 

X20.2 
X25.2 

0.5 

46.4 
48.3 

Coihu6— 
South  and  west  of  TiSiro  Men^dez ................ 

Tsland  in  T/airo  Men^dez 

Coihu6  and  alerce— 
North  of  T^Affo  Men^ndez 

125.2 

Total  forest  lands 

246.8* 

95. 2 

*  Forest  lands  included  in  grazing  lands. 


Digitized  by 


Google 


"■J 


r^y 


/ 


Digitized  by 


Google 


Digitized  by 


Google 


CLASSIFICATION  OF  LANDS 


319 


DRAINAGE  BASIN  OF  RIO  FETALEUFU  BETWEEN  LAGOS  MENfiN- 
DEZ  AND  KRUGER;  LAGO  FETALAUFQUEN 


A«                       1 

Square 
kOometeft 

Square 
mflet 

Parts 

Totab 

Lakes: 
Liftgo  FctalftufQuen 

66.0 
4.0 
x.o 
x.o 

ra.o 

65.0 

415.0 
15.0 

27.8 

25.1 
x6o.2 

5.8 

Laguna  Teiraf^n 

Small  lake  northwest  of  Laguna  TerrapKn 

Small  lake  southeast  of  Lago  Fetalaufquen 

Barrens: 
Range  northwest  of  Lago  Fetalaufquen 

x6.o 
30. 0 
16.0 
10. 0 
3.0 

Range  southwest  of  Lago  Fetalaufquen 

Range  north  of  central  portion  of  Lago  Fetalaufquen. . 

Range  east  of  south  end  of  Lago  Fetalaufquen 

Grazing  lands: 
First  dasfr— 
Northwest  of  Lago  Fetalaufquen 

62.4 
352.6 

Remainder  in  basin 

Agricultural  lands: 
Second  class— 
Near  Laffuna  TerraDli6n 

ISO 

Total  area  of  drainage  basin 

567.0 

218.9 

Forest  lands:* 
Lenga— 

Isolated  patches  north  of  Lago  Fetalaufquen 

Isolated  patches  northwest  of  Lago  Fetalaufquen. . . 

Isolated  patches  south  of  Lago  Fetalaufquen 

East  of  Lago  Fetalaufquen 

6.5 

5.8 

17.0 

4S.6 

74.9 
31.6 

135.6 

28.9 

X2.2 
52.4 

G>ihu6  and  dpr^s— 
Tftt^l  in  N»«fn 

31.6 
X35.6 

Brush  lands:* 
Niri— 
Total  in  basin 

Total  forest  and  brush  lands 

242.x 

93.5 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE    BASIN    OF    RIO    FETALAUFQUEN    BETWEEN    LAGO 

FETALAUFQUEN   AND   THE   DISCHARGING   STREAM 

FROM  LAGO  No.  1 


A~                      1 

Squaxe 
kilometen 

Square 
miles 

Parts 

Totds 

Lakes: 
Lfiffo  Stanffc 

1.6 
6.4 

8.0 

167.7 
245.6 

3.1 

64.7 
94.8 

Lago  Exuger 

Barrens: 
Ranires  north  of  vallev  of  T/airo  Stanffe 

32.4 
120.8 

US 

Ransres  south  of  vallev  of  Laco  Stanee 

Ranges  east  of  main  valley 

Grazing  lands: 
First  class- 
Total  in  basin 

245.6 

Total  area  of  drainage  basin 

421.3 

X62.6 

Forest  lands:* 
Coihu6— 
Basin  above  Laffo  KiTJiprer.  - .  r . . ,  r , , . , 

84.0 

4.8 

30.0 

X18.8 
28.0 

35.9 
10.8 

East  of  Laeo  Krusrer 

South  of  Lago  Kruger 

Brush  lands:* 
Niri— 
North  end  of  Lago  Kruger 

4.0 
24.0 

South  of  Lago  Kruger,  east  of  Rio  Fetaleufu 

Total  forest  and  bnish  lands 

X46.8 

46.7 

*  Forest  and  brush  lands  included  in  grazing  lands. 


Digitized  by 


Google 


CLASSIFICATION  OF  LANDS 


321 


DRAINAGE  BASIN  OF  RIO  FETALEUFU:  BASINS  OF  LAGOS 
Nos.  1,  2,  AND  3 


Lakes: 

Lago  No.  I 

Lago  Na  2 

Lago  No.  3 

Barrens: 

Ranges  north  of  lagos 

Ranges  south  of  lagos 

Graang  lands: 
First  class — 
Total  in  drainage  basin 

Total  area  of  drainage  basin 

Forest  lands:* 
Lenga — 

South  of  Lago  No.  i 

Coihu6— 
Main  basin 

Brush  lands:* 
Nui— 

Between  Lago  No.  2  and  No.  3 

Lower  part  of  basin 

Total  forest  and  brush  lands 

*  Forest  and  brush  lands  included  in  grazing 


Area 


Square 
kilometefa 


Paits 


6.0 

8.8 

18.4 


1x9. 8 
273.6 


404.4 


198.0 


4.0 
25.6 


Totab 


33a 


393-4 


404.4 


831.0 


lO.O 
198.0 


29.6 


237.6 


Square 
miks 


12.8 


151.9 


17. 1 


18X.8 


3.9 
76.4 


II.4 


91.7 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  FETALAUFQUEN  BETWEEN  OUTLET 
OF  LAGOS  Nos.  1,  2,  AND  3  AND  THE  CHILEAN  BOUNDARY 


Lakes: 
Lago  Situaci6n. 


Barrens: 

Range  northeast  of  Lago  Situaci6n 

Range  west  of  Lago  Sittiad6n 

Ranges  south  of  main  vaUey  near  boundary. 


Grazing  lands: 
First  class — 

East  of  Fetaleufu  and  north  of  J^o  Corintos. 

Entire  west  valley , 

South  of  Rio  Fetaleufu  below  Rio  Corintos. . 
Second  class — 

South  of  Rio  Fetaleufu  below  Rio  Corintos. . 


Total  area  of  drainage  basin. 


Forest  lands:* 
Lenga— 

West  of  Lago  Situaci6n 

Southwest  of  Lago  Situad6n. . 
Northeast  of  Lago  Situaci6n. . 
Patches  south  of  main  valley. 


Coihu6— 

Valley  of  Fetaleufu  near  boundary 

Cipr6s — . 

Main  valley  southeast  of  Lago  Situaci6n. 

Arroyo  Situaci6n 

Main  valley  below  Rio  Corintos 

Isolated  patches  south  of  main  valley. . . 


Brush  lands:* 
Niri— 

Western  part  of  main  valley 

Eastern  part  of  main  valley  above  Rio  Corintos. . 
Southern  part  of  main  valley  below  Rio  Corintos. 


Total  forest  and  brush  lands. 


Area 


Square  kilometen 


Parte 


13.2 


17.2 
31.6 
40.0 


91.6 

X23.6 

80.0 

390 


7.6 
x8.o 

8.0 
28.6 


8.0 

17.6 

5.6 

9.0 


68.0 
34.8 
65.4 


Totab 


13.2 


88.8 


334.2 


436.2 


63.2 
XX. 2 


40.2 


168.2 


282.8 


Square 
iniles 


S.I 


34.3 


129.0 


168.4 


24.4 
4.3 


^SS 


65.1 


X09.3 


*  Forest  and  brush  lands  included  in  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  PERCEY  INCLUDING  ARROYO  ESGUEL 


Area 


Square  kilometen 


Parts 


Totals 


Square 


Lakes: 
Three  small  lagunas  north  of  Arroyo  Esguel. 

Barrens: 

Small  isolated  ranges  west  side  of  valley 

Cerro  Nahuelpan 


Grazing  lands: 
First  class — 

West  portion  of  valley 

East  portion  of  valley  above  Arroyo  Esguel. 

East  portion  of  valley  below  Arroyo  Esguel. 

North  of  Arroyo  Esguel 

Second  class — 

South  of  Arroyo  Esguel 

Third  class— 

North  of  Arroyo  Esguel 


Agricultural  lands: 
First  class — 

Lower  valley 

Second  class — 

East  side  of  valley  above  Arroyo  Esguel. 

East  side  of  valley  bdow  Arroyo  Esguel. 

Valley  of  Arroyo  Esguel 


Total  area  of  drainage  basin. 


Forest  lands:* 
Lenga— 

Near  headwaters 

Isolated  patches  west  side  of  valley. 
Cerro  Nahuelpan 


Cipr6s— 
Lower  valley. 

Brush  lands:* 
Niri— 
Main  valley.. 


Total  forest  and  brush  lands. 


3.0 


13.0 
4-4 


3.0 


174 


305.8 

309.2 

46.0 

164.0 

44.8 

38.0 


907.8 


24.0 

31.6 
14.0 
33.0 


102.6 


1,030.8 


27.6 

17.0 

2.0 


25.6 


304.8 


46.6 
25.6 

304.8 


377.0 


1.2 


6.7 


350.4 


39.6 


397.9 


x8.o 
9.9 

"77 


145.6 


'  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 
DRAINAGE  BASIN  OF  RIO  CORINTOS 


Lakes: 

Lago  Cron6metro 

Lago  Rosario 

Barrens: 

Cerro  Nahuelpan 

Punto  Tom^ 

Cerro  Mina 

Cerro  Langly 

Grazing  lands: 
First  class — 
North  of  Rio  Corintos  between  Sunica  and  Arroyo 

Nahuelpan 

North  of  Rio  Corintos  below  Arroyo  Nahuelpan  to 

Rio  Antefal 

North  of  Rio  Corintos  below  Rio  Antefal 

£ast  of  Rio  Corintos  above  Sunica 

South  of  Rio  Corintos  above  Rio  Antefal 

South  of  Rio  Corintos  below  Rio  Antefal 

Basin  of  Rio  Antefal 

Second  class — 

Cerros  Colorados 

Cerro  Nahuelpan 

Agricultural  lands: 
First  class — 

Valley  of  Rio  Corintos  above  Rio  Percey 

Rio  Corintos  between  Sxmica  and  Arroyo  Nahuelpan 

Lower  valley  just  above  mouth  of  river 

Mouth  of  Rio  Antefal 

Second  class — 

North  of  Underwood 

Arroyo  Nahuelpan 

Above  Sunica  east  of  Rio  Corintos 

Above  Sunica  west  of  Rio  Corintos 

West  of  Cerros  Colorados 

South  side  of  vaUey 

Valley  of  Rio  Antefal 

Total  area  of  drainage  basin 


Area 


Square  kilomctcrg 


Parts 


3.6 
8.4 


5.6 
S.o 

32.8 
7-2 


112. 2 

32.4 

10.8 

158.6 

242.6 

13.3 
108.4 

24.0 
40.0 


48.0 
15.0 
26.0 

1.6 

9.6 

8.0 

17.6 

21. 0 
13.2 
47.2 

52.8 


Totals 


12. 0 


40.6 


742.3 


260.0 


i»oS4.9 


Square 
miks 


4.6 


15.6 


286.5 


X00.3 


407.0 
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DRAINAGE  BASIN  OF  RIO  CORINTOS 

(Continued) 


Area 


Square  kikanettti 


PaitB 


Totab 


Square 


Forest  lands:* 
Lenga — 
Around  Cerro  Mina. . . 

Headwaters 

North  of  valley 

East  of  Lago  Rosario. . 
South  of  Lago  Rosario. 


Cipr^s— 

Arroyo  Nahuelpan 

Isolated  patches  lower  valley,  south  side. 

Mouth  of  Rio  Antefal 

Southeast  of  Lago  Rosario 


Brush  lands: 
Niri— 
Total  in  drainage  basin. 


Total  forest  and  brush  lands. 


14.2 
94.4 
18.S 
9.2 
II. 6 


4.7 
45 
3.3 
2.0 


426.3 


147.9 


57. o 


14.5 


426.3 


SS 


164. S 


588.7 


227.0 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  TECKA 


Lakes: 
Laguna  Esguel 

Grazing  lands: 
First  class — 

West  side  of  valley,  north  of  Camino  Viejo. 

West  side  of  valley,  south  of  Camino  Viejo 

South  of  Rio  Tecka  above  Cafiad6n  Azul. . 
Second  class — 

Valley  of  Rio  Tecka  above  Cafiad6n  Azul. . 
Third  class — 

Cerro  Cuche 

Agricultural  lands: 
Second  class — 

Estancia  Leppa 

Laguna  Esguel 

East  of  Sunica 

East  of  Sunica  at  road  crossing 

Head  of  Arroyo  Pescado 

Tecka  Valley  near  Cafiad6n  Azul 

Ui^>er  valley  of  Rio  Tecka 

Total  area  of  drainage  basin 

Forest  lands:* 
Lenga — 

Headwaters  of  Rio  Tecka 

Isolated  patches  south  of  Camino  Viejo. . . . 
Isolated  patches  north  of  Camino  Viejo — 

Brush  lands:* 
Niri— 

Headwaters 

Northeast  of  Sxmica 

Total  forest  and  brush  lands 


Area 


Sqiun 
kflomeCeis 


Parts 


44 


Ii394.8 
754.8 
288.0 


578.0 
13.2 


48.0 
56.0 

36.4 
10. o 
30.0 

33.0 
69.0 


30.0 
38.0 
24.2 


47.2 
14.4 


ToUlt 


4.4 


3}028.8 


272.4 


3,305.6 


92.2 


61.6 


153.8 


Square 


X.7 


1,169.4 


XO5.2 


1,276.3 


35.6 


23.8 


59.4 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  CORCOVADO:  RIO  HIELO 


Area 


Square 
kilometen 


Parts 


Totab 


Square 


Lakes: 
Lago  Campamento. 


Barrens: 
Ranges  north  of  Rio  Hielo. 
Ranges  south  of  Rio  Hiek). 


Grazing  lands: 
First  class — 

East  of  Rio  ffielo  below  Rio  Frfo. 

Remainder  in  valley 

Second  class — 

South  of  Lago  Campamento 


Agricultural  lands: 
Second  dass — 
North  of  Rio  Hielo  above  Rio  Frfo. 


Total  area  of  drainage  basin. 


Forest  lands:* 
Lenga — 
North  of  Rio  Bielo  above  Rio  Frfo. 

Upper  valley  of  Rio  Hielo 

West  side  of  lower  valley 


Oprfe— 
North  of  Rio  Hielo  above  Rio  Frfo. 


Brush  lands:* 
Niri— 

East  side  of  valley  near  mouth 

North  side  of  valley  above  Rio  Frfo. 

Bums — 
Lower  valley 


Total  forest  and  brush  lands. 


194.0 
26.0 


S-2 
Z92.8 

X4.8 


5.2 


32.6 

68.0 

2.0 


z.o 


3.0 
8.0 


48.8 


2.0 


220.0 


212.8 


5.2 


440.0 


Z02.6 

z.o 


zz.o 

48.8 


X63.4 


0.8 


85.9 


82. z 


Z70.8 


39.6 
0.4 


4.2 

z8.8 


63.0 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  CORCOVADO:  VALLE  FRlO 


Area 


Square 
kilometctB 


ParU 


Totab 


Square 


Lakes: 
Lago  Teaball  and  Lago  Huemiil. 

Barrens: 
Ranges  at  head  of  Rio  Creada. . . 


Grazing  lands: 
First  class- 
Upper  slopes  of  north  valley  of  Rio  Frio. . 
Upper  slopes  of  south  valley  of  Rio  Frio. 
Lower  Rio  Frio  and  Rio  Creada 


Agricultural  lands: 
Second  class — 
Valley  of  Rio  Frio  above  Rio  Creada. 
West  side  of  valley  of  Rio  Creada 


Total  area  of  drainage  basin. 
Forest  lands:* 


Northern  slopes  of  valley. 
Southern  slopes  of  valley. 

Coihu6— 
Northern  slopes  of  valley. 

Brush  lands:* 
Niri— 

Main  valley 

Bums — 

Mouth  of  Rio  Frio 


Total  forest  and  brush  lands. 


z.o 


40.0 


76.0 

107.6 

26.8 


257.2 
X6.4 


29.2 
38.4 


5.6 

342.8 
7.8 


x.o 


40.0 


2x0.4 


273.6 


525.0 


67.6 

5.6 

342.8 
7.8 


423.8 


0.4 


15.4 


8X.2 


105.6 


202.6 


26.  z 

2.3 

X32.3 
3.0 


163. 7 


*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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DRAINAGE  BASIN  OF  RIO  CORCOVADO:   RIO 

HUEMUL 

Area                        | 

Square 
kilfMTiftfff 

Square 
nulea 

Parts 

Totab 

Grazmg  lands: 
First  dass— 
North  of  Rio  Huemul 

269.0 
88.8 

XX.8 

369.6 
73.0 

142.7 
28.2 

South  of  Rio  Huemiil 

Third  class — 
Ceno  Cuche *  * 

Agricultural  lands: 
First  class- 
Mouth  of  Rio  Huemul. 

12.0 
18.0 

41.0 
2.0 

Upper  valley  of  Rio  Huemul 

Second  class- 
West  of  Rio  T/>nrahuara 

Head  of  Rio  Huemul 

Total  area  of  drainage  basin 

442.6 

170.9 

Forest  lands:* 
Lenga— 
North  slopes  of  valley. 

75.8 

22.8 

i.o 

99.6 
2.0 

271.2 
13.2 

38.4 
0.8 

104.7 
S.I 

South  slopes  of  valley 

Cerro  Cuche 

Cipr6s— 
Mouth  of  Rio  Huemul 

2.0 

20X.6 
69.6 

Brush  lands:* 
Niri— 
North  of  Rio  Huemul 

South  of  Rio  Huemul 

Bums- 
Lower  valley,  nort.h  side 

13.2 

Total  forest  and  brush  lands 

386.0 

X49.0 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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NORTHERN  PATAGONIA 


DRAINAGE  BASIN  OF  RIO  CORCOVADO:  REMAINDER  OF 
DRAINAGE  BASIN  SHOWN  ON  MAP 


Aiea                      1 

Square  knomeUn 

Square 
miles 

Puts 

ToUh 

Lakes: 
TAgo  Wniiams 

0.6 

40.0 
18.8 

0.6 
S8.8 

398.0 
41.6 

0.2 
22.7 

153.6 
16.  X 

Barrens: 

Cord6n  de  las  Tobas 

Grazing  lands: 
First  class- 
East  of  Rio  Corcovado  above  Rio  Huemiil 

113 -^^ 

131. 2 

34.8 

68.8 

27.6 

22.0 

South  of  Rio  Corcovado,  all  shown  on  map 

North  of  Rio  Corcovado,  below  Rio  Hielo 

North  of  Rio  Corcovado,  between  Rios  Hieb  and 
Huemul 

Second  class- 
North  of  Rio  Corcovado,  below  Rio  Hieb 

Third  class— 
Below  Cerro  Herrero 

Agricultural  lands: 
First  class- 
Rio  Corcovado  valley  below  Rio  Huemul 

20.0 

21. 6 

Rio  Corcovado  valley  above  Rio  Huemul 

Total  area  of  drainage  basin 

499.0 

192.6 

Forest  lands:* 
Lenga^ 
Around  Cerros  Herrero  and  Coffin 

28.0 

XS.6 

40.4 

2.0 

86.0 
6.0 

128.8 
75.6 

33-2 
2.3 

49.7 
29.2 

East  valley  slopes  above  Rio  Huemul 

North  valley  slopes,  below  Rio  Hielo 

North  valley  slopes,  north  of  Mirador , . . 

Coihu6- 

6.0 

32.0 
40.8 
10.4 
45.6 

Brush  lands:* 
Niri— 
West  of  Cerro  Herrero 

Main  valley  above  Rio  Huemul 

Main  valley  between  Rios  Hielo  and  Huemul 

North  of  Colonia  Corcovado 

Bums- 
Main  valley  above  Rio  Hido 

31.6 
44.0 

Main  vaUey  below  Rio  Hielo 

Totnl  foT»?t  and  bmsh  lands 

296.4 

114. 4 

*  Forest  and  brush  lands  included  in  agricultural  and  grazing  lands. 
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AGRICULTURAL  RESOURCES  331 

Agricultural  Resources  of  the  Cordillera 

The  agricultural  lands  of  the  Cordillera  fall  into  three  classes 
according  to  the  conditions  of  cultivation  which  will  determine 
the  nature  of  the  crops  to  be  raised  on  each  dass.  We  have 
lands  liable  to  frost  at  seasons  which  Umit  the  possible  crops  to 
hardy  grains  or  grasses,  lands  not  liable  to  frost  and  yet  in  the 
zone  of  rainfall  adequate  to  make  irrigation  necessary,  and 
lands  beyond  the  zone  of  adequate  rainfall,  which  must  there- 
fore be  irrigated. 

The  following  list  gives  the  distribution  of  the  lands  thus 
classified.  In  the  list  the  locality  names  refer  to  the  drainage 
basin  or  valley  in  which  the  corresponding  area  of  agricultural 
lands  has  been  distinguished.  The  areas  are  not  to  be  taken 
as  exact.  They  were  sketched  on  the  map  and  are  measured 
from  it  and  represent  an  approximation,  with  a  probable  error  of 
10  per  cent  more  or  less. 

Geographically  we  may  distinguish  three  districts — (i)  the 
northern,  which  extends  from  Lago  Huechulaufquen  south  to 
the  boundary  of  the  National  Park,  (2)  the  National  Park,  and 
(3)  the  district  from  the  southern  boundary  of  the  National 
Park  to  the  Rio  Corcovado.  North  of  the  drainage  basin  of  Lago 
Huechulaufquen  lies  the  extension  of  the  forested  region  which 
has  not  been  studied,  as  far  as  Lago  Alumin6,  or  latitude  38^. 
South  of  the  Corcovado  are  valle)rs  which  will  eventually  be 
added  to  the  total  of  the  areas  appropriate  to  cultivation,  prob- 
ably in  the  main  for  the  hardier  grains  and  grasses. 

In  the  northern  district  the  area  of  lands  suitable  to  general 
agriculture  (3,200  hectares)  is  Umited  in  consequence  of  the  wide 
distribution  of  high  mountain  groups  and  the  tendency  of  the 
cold  air  to  settle  in  deep  valleys.    Along  the  eastern  parts  of 
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NORTHERN  PATAGONIA 


AGRICULTURAL  LANDS 

CLASSIFIED    BY  CONDITIONS   07  CULTIVATION  AND   ENX7HEKATED   BY  DRAINAGE 

BASINS 


Dralnace  btdos  in  which  the  areas  are  located, 
ated  in  order  irom  north  to  south 


Lago  Huechulaufquen  and  Rios  Chimehufn  and 

Curhu6 

Lago  Lolog 

Rio  Quilquihu6  including  the  Vega  de  Lolog 

Lago  Lacar  and  Vega  de  Maip6 

Lago  Hermoso  (not  including  VaUe  Hermoso) 

Lago  Meliquina 

Lago  Falkner  (Valle  Hermoso) 

Rio  Caleufu 

Total  of  each  class  north  of  the  National  Park 
(not  including  areas  north  of  Lago  Hue- 
chulaufquen)   

Lago  Villarino 

Lago  Traful 

Rio  Traful 

Lago  Espejo 

Lago  Correntoso 

Lago  Nahuel  Huapf 

Rio  Nirihuau 

Rio  Limay  above  Rio  Traful 

Upper  Rio  Manso,  Lagos  Mascardi  and  Guillelmo. 

Lago  Hess 

Rio  \^llegas  (north  side) 

Total  of  each  class  in  the  National  Park 

Rio  Villegas  (south  side) 

Rio  Foyel 

Rio  Quemquemtreu,  £1  Bols6n  and  vicinity 

Rio  Azul 

Rio  and  Hoyo  de  Epuy6n,  including  the  Basin  of 

Cholila 

Rio  Cholila 

Upper  Fetaleufu 

Lago  Fetalaufquen 

Rio  Percey 


Lands  liable 
to  frost,  lor 
hardy  grains 
and  grasses 
(hectares) 


350 

2,670 
100 

i»770 
840 


5,730 


90 
400 

Soo 

100 

3,480 


3,160 

2,800 

560 


11,090 


4,000 

8,100 

10,800 

1,200 


4,560 


Lands  not 
liable  to 
frost;  suffi- 
cient rain- 
fall; grain, 
vegetables, 
and  fruit 
(hectares) 


I,(S8o 
1,520 


5,530 


3,080 
4,480 


7,560 


9,060 
12,300 
2,220 
1,500 
2,400 


Land  requir- 
ing irriga- 
tion; alfalfa, 
grain,  vege- 
Ubles,and 
fruit  (hec- 
tares) 


8,300 
5,600 

6^ 


14,500 


a,6oo 
2,100 


4,700 


2,500 
1,100 
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AGRICULTXJRAL  LANDS 


CLASSIFIED   BY   CONDITIONS   OP  CULTIVATION  AND  ENXTMEHATED  BY 

BASINS    (continued) 

DRAINAGE 

ated  in  order  from  north  to  louth 

to  frott,  for 
hardy  grains 

(hectares) 

Lands  not 
Uabkto 
frost;  suffi- 
cient rain. 
faU;  grain. 
vegeUbles. 
and  fruit 
(hectares) 

Land  requir- 
ing irriga- 
tion; dfalfa. 

SS^'Sd 

fruit  (hec- 
tares) 

Rio  Corintos 

1,760 

520 

27,360 

4,300 

X,300 

7,320 
5,440 
7,620 
3,300 

3,000 
4,160 

3,86<i 

36,200 
27,200 

Rio  Antcf  al 

Upper  Corintos 

Arroyo  Esgud 

Rio  Hielo 

Rio  Frfo 

Rio  Huemul 

Rest  of  the  Corcovado  basin 

Rio  Chubut  west  of  longitude  71" 

Rio  Tecka  west  of  longitude  71" 

Total  of  each  dass  south  of  the  National  Park 
(to  and  including  the  valley  of  the  Corcovado) 

SUIOIARY 

North  of  the  National  Park,  not  including  dis- 
trict north  of  I^asro  Hue^hulaufnuen 

65,700 

59,520 

70,860 

5,730 
11,090 

65,700 

5,530 
7,560 

59,520 

14,500 
4,700 

70,860 

Tn  th^  Niittnnftl  Park 

South  of  the  National  Park  to  and  including  the 
valley  of  the  Corcovado 

Total 

82,520 

72,610 

90,060 

Percentage  in  each  class 

34 

29 

37 

Total  agncultural  lands  of  all  classes  from  Lago  Huechulaufquen  to  the  Rio 
Corcovado,  both  inclusive,  245,190  hectares,  or  approximately  100  leguas. 

the  lake  shores,  where  the  winds  keep  the  air  in  motion  and 
especially  where  there  is  a  good  exposure  toward  the  afternoon 
sun,  the  frosts  are  usually  light  or  altogether  lacking  at  seasons 
when  they  would  injure  crops.  Where  these  conditions  occur 
within  the  zone  of  adequate  rainfall,  and  where  good  soils  have 
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accumulated  as  glacial,  stream,  or  eolian  deposits,  crops  of  va- 
rious kinds,  including  grain,  v^etables,  and  fruit,  may  be  suc- 
cessfully raised.  The  experience  of  settlers  is  that  oats  mature 
well  before  the  early  frosts;  wheat  should  be  of  an  early  ripen- 
ing and  hardy  variety;  potatoes,  cabbages,  cauliflower,  and  peas 
do  well;  squash,  pumpkins,  and  maize  do  not  Alfalfa  yields 
two  good  cuttings  and  one  light  one.  Fruit  trees  should  be 
planted  on  the  bench  lands,  and  varieties  must  be  chosen  that 
will  stand  the  light  frosts  of  late  spring  and  ripen  quickly  in  the 
short  season  of  intense  sunshine. 

Protection  from  the  winds  that  sweq>  down  the  canyons  is 
essential  for  grain,  alfalfa,  and  fruit  crops  in  seasons  of  drought 
and  is  alwa3rs  advantageous.  It  may  be  supplied  by  fences 
of  brush  and  wire,  by  hedges,  or  by  rows  of  trees. 

The  laiger  area  of  lands  available  for  agriculture  in  the  north- 
em  district  lies  in  the  eastem  zone  of  relatively  light  rainfall 
and  is  classed  as  irrigable  land.  That  portion  which  lies  in  the 
valleys  of  the  Chimehufn,  Curhu6,  and  Quilquihu6  can  not  be 
profitably  farmed  without  irrigation.  The  V^a  de  Maipd,  east 
of  San  Martin  de  los  Andes,  in  the  Lacar  basin,  can  be  farmed  in 
part  at  least,  but  it  will  certainly  be  found  desirable  to  irrigate 
the  more  gravelly  or  sandy  parts  and  occasionally  the  whole 
vega  so  far  as  the  waters  that  may  be  made  available  will  allow. 

The  irrigation  of  the  Chimehufn  and  other  river  valle)rs  in 
this  district  is  made  necessary,  not  so  much  by  the  lack  of  rain, 
since  the  mean  annual  precipitation  is  over  700  millimeters 
(28  inches),  as  by  the  gravelly  character  of  the  soil,  in  conse- 
quence of  which  it  drains  deeply  and  quickly.  The  level  of  the 
groimd  water  is  not  known  by  observation,  but  it  probably 
varies  from  within  a  meter  of  the  surface  in  late  winter  to  three 
or  four  meters  below  the  surface  in  late  simmier.  The  super- 
ficial soil  becomes  very  dry  in  early  simmier.    \Wnter  grains 
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and  to  a  greater  extent  those  sown  in  the  spring  will  require 
irrigating  to  fill  out  the  kernels.  Deq;>-rooted  crops  like  alfalfa 
will  need  water  later  in  the  season. 

In  each  valley  irrigation  must  be  accomplished  by  diverting 
the  waters  of  the  river  to  an  appropriate  canal.  The  Chimehufn 
flows  from  Lago  Huechulaufquen.  As  the  lake  is  one  of  the 
larger  storage  basins  of  the  Rio  Limay,  it  will  undoubtedly  be 
dammed  and  the  flood  waters  will  be  retained.  The  utilization 
of  the  water,  whether  on  the  lands  of  this  upper  valley  or  in  the 
distant  valley  of  the  Limay  and  Rio  N^;ro,  will  then  become  an 
item  in  the  greater  general  problem  of  the  appropriation  of 
the  entire  river  system.  The  amount  of  water  which  flows 
from  Lago  Huechulaufquen  is  laiger  than  is  needed  for  local 
irrigation,  and  a  part  of  that  which  might  be  used  in  the  upper 
valley  would  seep  back  into  the  river.  Water  should  therefore 
be  available  for  local  use  in  the  valley  of  the  Chimehufn. 

The  Rio  Curhu6  is  formed  by  several  smaller  streams  which 
rise  in  high  mountains  and  fall  n^idly  to  broad  valleys.  Its 
drainage  basin  contains  no  storage  basin  like  Lago  Huechulauf- 
quen, in  which  to  retain  the  flood  waters  of  autumn  or  spring. 
There  are  narrows  in  the  valleys,  but  in  the  absence  of  engineer- 
ing surveys  of  an  adequately  precise  character,  it  is  not  possible 
to  estimate  the  feasibility  of  any  project  for  damming  the  stream. 
It  seems  probable  that  the  cost  of  storing  the  waters  for  exten- 
sive irrigation  would  not  be  justified  within  the  near  future. 
Under  these  drcimistances  the  areas  in  the  Curhu6  Valley  which 
may  be  irrigated  will  be  Umited  by  the  amount  of  water  avail- 
able at  any  stage  of  the  river.  The  flow  is  least  in  middle  or 
late  summer — ^late  in  January  or  in  February — and  is  much 
greater  in  October  and  November.  A  laiger  area  may  be  cul- 
tivated in  crops  that  mature  by  December  than  in  perennials, 
which  would  require  irrigation  in  February.    The  distribution 
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of  wheat  and  alfalfa  fields  will  be  affected  accordingly.  The 
lower  part  of  the  valley  of  the  Curhu6  lies,  without  much  doubt, 
below  the  levels  at  which  a  canal  from  Lago  Huechulauf quen 
might  be  led  into  it,  and  it  may  therefore  be  regarded  as  belong- 
ing to  that  irrigation  system.  The  upper  part  of  the  valley 
would  be  independent  and  the  waters  of  the  Curhu6  would  be 
appropriated  to  it. 

Part  of  the  valley  of  the  Quilquihu6  also  lies  below  the  level 
of  a  practicable  canal  from  Lago  Huechulaufquen,  but  how 
large  a  part  it  is  impossible  to  say  without  surveys.  At  the  head 
of  the  Quilquihu6  is  Lago  Lolog,  which  may  be  converted  into 
a  storage  basin  to  regulate  the  outflow  of  its  waters  and  their 
use  to  irrigate  either  the  local  valley  or  distant  fields  on  the 
Rio  Negro.  The  conditions  are  similar  to  those  affecting  Lago 
Huechulaufquen,  except  that  the  waters  of  Lago  Lolog  may,  if 
required,  also  be  utilized  in  the  Vega  de  Maipti,  in  the  Lacar 
drainage  basin,  and  they  may  be  foimd  more  valuable  as  a 
source  of  water  power  to  be  converted  into  electricity  at  San 
Martin  than  for  irrigation. 

The  existing  maps  of  the  valleys  of  the  Chimehufn,  Curhu6, 
and  Quilquihu6  were  made  by  the  Comisi6n  de  Llmites  and  are 
based  on  differences  of  level  determined  only  by  barometric 
observations.  These  valleys  are  outside  of  the  area  where  more 
exact  surveys  were  required  by  the  objects  of  that  Comisi6n, 
and  the  maps  afford  only  an  approximation  to  the  facts  of  local 
topography;  they  are  not  adequate  maps  by  which  to  deter- 
mine accurately  the  areas  of  land  that  can  be  brought  imder 
canals.  In  order  to  keep  the  estimate  which  is  here  given  within 
safe  limits,  it  is  taken  at  two-thirds  of  the  area  which  is  shown 
on  the  maps  as  being  probably  available.  The  facts  are  clearly 
such  as  to  show  that  the  lakes  and  valleys  involved,  from  Lago 
Huechulaufquen  to  the  Vega  de  Maipti  and  down  the  Oiime- 
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hufn  to  the  Limay,  should  be  thoroughly  siirveyed  and  studied 
as  a  whole  as  a  feature  of  prime  economic  importance  in  the 
settlement  of  the  northern  district. 

The  Vega  de  Maipti  is  a  wide  plain  lying  high  above  Lago 
Lacar,  bounded  by  hills  on  the  north  and  by  high  mountains 
on  the  south,  while  a  ridge  of  gravel,  a  moraine,  borders  it  on 
the  east.  The  glacier  which  built  the  moraine  withdrew  west- 
ward, and  as  it  withdrew  the  plain  was  built  up  with  stream  and 
lake  deposits  over  the  groimd  moraine.  In  subsequent  cen- 
tmies  the  streams  q)read  upon  the  plain  alluvial  fans,  each 
heading  in  the  mouth  of  the  stream  by  which  it  is  produced  and 
extending  to  a  considerable  distance  as  a  low  rounded  swell. 
Spaces  in  the  plain  between  the  alluvial  fans  lie  sUghUy  lower 
and,  being  inclosed,  are  often  marshy.  The  soil  is  finer  in  such 
areas  and  coarser  on  the  fans,  varying  thus  from  very  fine  clay 
loam  to  sandy  or  gravelly  loam.  The  rainfall  on  the  Vega  de 
Maipti  is  heavier  at  the  west  end  than  at  the  east  end.  At 
San  Martin  the  average  for  nine  years  is  recorded  as  1,890  milli- 
meters (76  inches).  In  the  Vega  it  is  probably  1,500  millimeters 
(60  inches)  at  the  west  end  and  1,000  millimeters  (40  inches)  or 
less  at  the  east  end.  With  these  amounts  the  lower  lands  between 
the  alluvial  fans  need  drainage,  but  in  the  fluctuations  of  cli- 
mate there  will  come  seasons  when  irrigation  of  the  alluvial  fans 
and  possibly  of  the  drained  lowlands  will  be  advantageous. 
The  waters  of  the  individual  mountain  streams  may  be  used 
without  storage,  or  a  canal  from  Lago  Lolog  may  be  carried  to 
the  eastern  and  northern  parts  of  the  Vega. 

On  the  Rio  Caleuf u  below  Lago  Meliquina  are  small  areas  of 
valley  lands  which  resemble  those  of  the  Chimehufn  in  being 
composed  of  gravelly  soil.  They  dry  out  quickly  and  must  be 
irrigated  if  they  are  to  be  cultivated.  The  river  divides  them 
and  they  vary  greatly  in  character.    Neither  in  extent  nor  in 
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productiveness  are  they  of  notable  value,  but  they  may  become 
available  when  Lago  Meliquina  is  dammed  as  a  storage  basin. 

In  the  National  Park  the  lands  suitable  for  general  agri- 
culture are  situated  about  the  mouth  of  Lago  Traful,  around 
the  eastern  half  of  Lago  Nahuel  Huapf ,  and  in  the  Limay  Valley 
in  the  first  15  kilometers  below  that  lake.  There  are  approxi- 
mately 7,500  hectares  suitable  for  cultivation  without  irrigation 
and  4i7oo  hectares  which,  if  cultivated,  must  be  irrigated.  Other 
areas  which  are  so  situated  as  to  be  adapted  only  to  fodder  crc^ 
are  not  touched  upon  here  but  are  considered  in  connection 
with  grazing. 

The  agricultural  lands  on  the  Rio  Traful  are  situated  below 
the  outiet  of  Lago  Traful,  above  the  canyon  into  which  the  river 
soon  plunges  in  its  short  course  to  the  Limay.  The  upper, 
wider  portion  of  the  valley  is  an  extension  of  the  lake  basin 
from  which  the  shallow  waters  have  withdrawn  into  the  deq> 
hoUow  they  now  occupy.  They  left  a  layer  of  fine  sediment, 
now  become  a  rich  soil,  overlying  the  earlier  deposits  of  glacial 
gravel.  The  river  has  cut  a  channel  and  produced  terraces. 
Mountain  streams  have  built  out  alluvial  fans.  Thus  the  val- 
ley floor  has  developed  an  irregular  configuration  and  varied  soils, 
giving  a  total  area  of  about  3,000  hectares  through  which  the 
river  meanders.  The  land  has  been  occupied  by  George  New- 
berry, one  of  the  early  settiers  in  the  country,  and  worked  as  a 
stock  range  to  raise  Hereford  and  Poll  Angus  cattie  of  good 
quality,  as  well  as  horses.  Oats,  wheat,  alfalfa,  and  potatoes 
have  been  cultivated  with  success  on  the  south  side  of  the  val- 
ley, in  fields  on  bench  lands  above  the  river  plain.  Irrigation 
from  a  mountain  brook  has  been  practiced  in  dry  seasons  and  for 
alfalfa  is  generally  advantageous  to  increase  the  third  cutting. 
A  planting  of  timothy  gave  an  excellent  growth  of  grass. 
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Around  the  shores  of  Lago  Nahuel  Huapf,  rocky  and  pre- 
dpitoiis  in  many  portions,  there  are  embayments  and  valleys 
which  contain  sufficient  areas  of  good  soil  to  afford  opportunity 
for  fields  and  orchards.  The  soils  are  varied.  Some  are  de- 
rived from  glacial  or  gladal-stream  deposits  and  are  gravels, 
sands,  or  sandy  loams.  Some  are  acciunulations  of  fine  eolian 
or  volcanic  dust,  mingled  with  a  large  proportion  of  hmnus. 
The  bench  lands  are  in  many  places  deeply  drained  and  dry, 
and  some  of  the  low  basins  are  swamps.  Areas  about  the  upper 
reaches  of  the  lake  are  liable  to  frosts.  Only  away  from  the 
localities  where  cold  air  settles  from  the  heights  into  the  hollows, 
beyond  the  late  af  temoon  shadow  of  the  Andes,  are  there  milder 
summer  nights.  This  condition  throws  out  of  consideration 
for  general  agriculture  the  lands  about  Lago  Espejo,  Lago  Co- 
rrentoso.  El  Rinc6n,  and  the  other  western  arms  of  Lago  Nahuel 
HuapL 

On  the  northem  shore  of  the  lake  between  the  outlet  of  Lago 
Correntoso  and  the  excellent  little  harbor  of  Puerto  Manzano 
is  a  hilly  lowland,  lying  open  to  the  sun  and  in  the  moving  air 
currents,  yet  somewhat  sheltered  from  the  strong  winds.  The 
rainfall  is  abundant.  The  area  available  for  cultivation  is  less 
than  2,000  hectares.  Here  two  German  settlers.  Christian 
Bock  and  Carlos  Becker,  have  cleared  lands,  raised  crops  of 
grain  and  vegetables,  and  set  out  orchards.  They  have  demon- 
strated that  the  soil  and  climate  are  suitable  to  raise  well-chosen 
varieties  of  garden  and  orchard  products,  which  will  be  marketed 
at  the  resorts  about  the  lake.  The  transcontinental  railroad 
must  pass  through  the  district  and  will  give  access  to  larger  mar- 
kets in  the  cities  along  the  line.  The  locality  is  not,  however, 
especially  attractive  to  tourists  and  will  be  occupied  by  farmers 
rather  than  by  a  community  of  hotel-keqpers. 

Li  the  Peninsula  Norte,  which  lies  between  El  Golfo  de  Hue- 
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mul,  the  northeastern  arm  of  Lago  Nahuel  Huapf ,  and  the  main 
body  of  the  lower  lake,  are  several  vallesrs  in  which  the  soils  are 
for  the  most  part  fine  black  swamp  deposits.  With  one 
exception,  the  areas  are  small  and  have  not  been  cultivated. 
The  exceptional  area  is  a  plain  in  the  lower  vaUey  of  the  Arroyo 
Chacabuco,  which  is  covered  by  the  Estanda  of  Juan  Jones. 
It  is  north  of  the  east  end  of  Lago  Nahuel  Huapi  and  is  separated 
from  the  lake  by  morainic  ridges  and  protected  from  strong 
winds.  The  Arroyo  Chacabuco  gathers  its  waters  among  high 
hills  and  after  descending  through  a  narrow  canyon  meanders 
across  a  wide,  gently  sloping  plain  to  a  gateway  in  the  ridges  by 
which  it  issues  to  the  valley  of  the  Limay.  The  plain  has  an 
area  of  about  i,ooo  hectares  of  rich  alluvial  soil,  in  many  places 
of  the  swampy  type  which  has  been  described  as  mallin.  For 
successful  cultivation  it  will  require  draining.  It  lies  so  far 
east  that  the  rainfall  is  not  always  adequate  and  auxiliary  irri- 
gation by  the  waters  of  the  brook  may  be  sometimes  desirable. 
Cultivation  in  this  area  will  be  intensive  and  directed  to  garden- 
ing and  fruit  growing.  The  plain  should  be  divided  into  small 
farms.  The  produce  will  find  a  market  in  the  dty  of  Nahuel 
Huapf ,  and  around  the  lake  the  plain  will  become  dosdy  settled 
and  pass  through  the  stages  of  occupation  peculiar  to  a  desirable 
region  in  the  vicinity  of  a  growing  dty.  Small  farms  and  sub- 
urban residences  in  turn  will  occupy  the  valley  of  the  Arroyo 
Chacabuco.    At  present  it  is  used  for  stock  raising  only. 

The  Rio  Limay,  leaving  Lago  Nahud  Huapf  by  a  narrow 
channd  in  the  terminal  moraine  that  doses  the  lake  basin,  passes 
into  a  wide  plain  which  extends  between  hills  for  12  kilometers 
to  a  second  terminal  moraine  and  canyon.  The  upper  part  of 
the  plain  is  crossed  by  the  Arroyo  Chacabuco.  The  lower  part 
ends  in  the  concave  curve  of  the  outer  moraine,  north  of  the 
river,  and  is  called  El  Gran  Rinc6n.    The  area  contains  about 
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2,600  hectares  of  agricultural  land,  which  varies  in  quality 
according  to  the  nature  of  the  soil  laid  down  under  different  con- 
ditions. The  upper  section  of  the  plain,  stretching  from  the 
first  terminal  moraine  to  the  Arroyo  Chacabuco,  was  formed  of 
material  washed  out  from  the  glacier  that  filled  the  basin  of  Lago 
Nahuel  Huapf  and  consists  of  fine  sandy  loam.  From  the 
Arroyo  Chacabuco  to  El  Gran  Rinc6n  the  plain  has  been  built 
up  by  the  Limay,  and  much  of  it  is  coarse  gravel  and  sand, 
locally  overlain  by  finer  silt.  Li  the  Gran  Rinc6n  itself  there  is 
an  area  of  finer  soil  spread  by  quieter  flood  waters  of  the  river. 
Licluding  all  but  the  coarsest  gravel  deposits,  there  are  above 
the  Arroyo  Chacabuco  i,ioo  hectares  and  below  it  1,000  hec- 
tares of  arable  land,  which  must  all,  however,  be  worked  under 
irrigation,  if  farmed  at  all,  as  the  soils  are  too  porous  and  dry 
for  ordinary  cultivation.  The  upper  area,  bounded  by  the 
first  moraine  and  the  Arroyo  Chacabuco,  is  the  site  selected  for 
the  future  dty  of  Nahuel  Huapf  and  as  such  will  have  a  value 
far  in  excess  of  that  which  agriculture  might  give  it  The  other 
lands  which  might  be  farmed  will  be  submerged  in  the  lake  that 
will  fill  the  valley  of  the  Rio  Limay  when  that  stream  is  dammed 
in  the  second  canyon  to  produce  water  power  for  the  future 
dty.  These  lands  are  therefore  not  to  be  reckoned  among  the 
available  agricultural  lands  of  the  district,  unless  it  be  tempo- 
rarily. 

On  the  southem  shore  of  Lago  Nahud  Huapf  there  are  agri- 
cultural lands  in  the  Pampa  de  Nahud  Huapf  and  in  smaller 
areas  along  the  coast,  from  Bariloche  to  the  westem  part  of  the 
Penfnstda  de  Llao  Llao.  Those  in  the  Pampa  de  Nahuel  Huapf, 
lying  in  the  eastem  and  westem  sections,  comprise  about  2,700 
hectares  adapted  to  irrigation  and  so  situated  as  to  be  irrigable 
by  the  waters  of  the  Nirihuau,  the  Arroyo  del  Medio,  and  the 
Niric6.    The  central  section  of  3,500  hectares  may  also  be  cul- 
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tivated  under  irrigation  but  is  more  exposed  to  wind  and  more 
gravelly.  The  entire  Pampa  is  part  of  the  original  grant  to 
General  Bemal.  It  is  now  given  up  to  grazing  but  must  even- 
tually be  occupied  by  a  dense  farming  population  engaged  in 
supplying  the  tourist  and  dty  markets  of  the  r^ion.  Although 
situated  near  the  dty  of  Nahuel  Huapf,  the  Pampa  is  sep- 
arated from  it  and  is  not  adapted  to  suburban  residence,  as  is 
the  Valley  of  the  Chacabuco. 

Farming  lands  in  the  valley  of  the  Niric6  are  of  very  slight 
extent  and  are  adapted  only  to  gardem'ng  or  orchard  planting 
under  irrigation,  in  a  small  way. 

West  of  Bariloche,  along  the  terrace  which  skirts  the  foot  of 
Ottoshohe  and  also  beyond  the  valley  of  the  Arroyo  Guti6rrez, 
in  shdtered  hollows  along  the  shores  of  Lago  Nahud  Huapf  and 
the  two  Lagos  Moreno,  there  are  niunerous  small  areas  of  fertile 
lands,  well  adapted  to  gardens  and  orchards.  The  soil  is  deep, 
in  places  swampy  and  requiring  to  be  dramed,  but  not  heavy. 
Vegetables,  berries,  and  fruits  grow  and  mature  well  without 
irrigation.  The  lands  lie  on  the  slopes  of  rocky  eminences  and 
in  hollows  among  them,  in  situations  commanding  attractive 
and  often  beautiful  views.  The  district  is  destined,  in  the  de- 
vdopment  of  the  Parque  Nadonal,  to  become  the  site  of  a  villa 
commimity,  and  the  fertile  lands  will  pass  through  various 
stages  of  occupation  from  small  farms  to  gardens  and  villa  lots. 

In  the  mountain  region  between  Lago  Nahuel  Huapf  and  El 
Bols6n,  a  section  extending  through  90  kilometers  from  north 
to  south,  general  agricultiure  is  not  possible  on  account  of  the 
altitude  of  the  arable  lands  and  the  liability  to  frost.  Grass, 
oats,  and  similar  hardy  fodder  crops  only  may  be  produced. 
The  southern  agricultural  district,  of  which  £1  Bols6n  is  the 
northern  locality,  is  thus  widdy  separated  from  the  central  sec- 
tion about  Lago  Nahuel  Huapf. 
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A.  Cholila  basin  east  of  Lago  Epuy6n.    Part  of  the  Estancia  Leiequ*,  showing  an  oat-field  which  has  been  harvested  and  the 

straw  stacked. 

B.  The  Estanda  Leleque  and  its  manairer.  Charien  K.  Hackett.  in  the  eastern  ranges  of  the  Andes.    In  the  foreground  »  a 

field  of  alfalfa  under  irrigation,  and  a  plantation  of  fruit-trees  one  year  old. 
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Li  what  may  be  considered  the  southern  agricultural  dis- 
trict are  to  be  included  all  the  arable  lands  available  for  general 
agriculture,  from  El  Bols6n  on  the  north  to  the  Corcovado 
Valley  on  the  south — ^that  is,  between  latitudes  42®  and  43®  40'. 
Although  scattered  over  a  hundred  miles  from  north  to  south 
they  are  all  tributary  to  one  outlet,  the  Marilaiifquen-Esgud 
branch  of  the  San  Antonio  Railroad.  Omitting  as  in  the  north- 
em  districts  the  lands  suitable  only  for  hardy  grain  and  grass 
crops,  we  have  in  this  southern  district  approximately  60,000 
hectares  available  for  cultivation  without  irrigation  and  prob- 
ably 70,000  hectares  of  irrigable  lands. 

£1  Bols6n  and  El  Hoyo  de  Epuydn  are  valleys  distinguished 
by  being  within  the  zone  of  the  high  mountains,  between  the 
western  and  eastem  Cordilleras,  yet  so  low  in  altitude  as  to  be 
below  the  level  of  frost  and  snow.  Enjoying  a  very  mild  yet 
humid  climate  and  warm,  rich  soils,  these  valleys  are  excep- 
tionally desirable  and  invite  the  closest  settlement  for  vegetable 
and  fruit  culture.  Lrigation  is  not  considered  necessary,  crops 
of  wheat  having  been  successfully  grown  without  it  year  after 
year,  but  it  will  be  profitable  in  the  Bols6n,  where  the  soil  is  not 
deep  and  the  subsoil  is  gravelly.  Li  the  Hoyo  draining  is  re- 
quired and  will  have  to  be  carried  out  on  a  well-designed  system, 
covering  the  valley  of  the  Epuydn  down  to  Lago  Puelo.  These 
valleys  have  been  occupied  by  Chilean  squatters  for  the  last 
fifteen  years.  Most  of  the  settlers  are  without  means  or  educa- 
tion and  will  leave  the  country,  but  there  are  some  of  differ^it 
character.  Li  the  Bols6n  a  Chilean  of  German  descent,  Jorge 
Hube,  has  established  himself  with  the  intention  of  holding  his 
land  and  improvements,  among  which  is  a  flour  mill  equipped 
with  machinery  imported  from  Germany  and  run  by  an  overshot 
wheel. 

The  Cholila  district,  comprising  both  the  Cholila  Basin,  of 
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the  Epuy6n  drainage  area,  and  the  Cholila  Valley,  which  is  trib- 
utary to  the  Fetaleufu,  lies  contiguous  to  the  Hoyo  de  Epuydn 
and  will  form  with  that  valley  and  the  Bols6n  an  agricultural 
community  which  will  have  its  outlet  to  the  Chubut  Valley  and 
Fofocahuel.  The  lands  of  the  district  are  higher  above  the  sea 
than  those  of  the  Bols6n  and  Hoyo  and  are  subject  to  occasional 
light  frosts  to  a  degree  which  limits  the  range  of  fruits  and  v^- 
etables  that  may  be  cultivated  more  narrowly,  but  all  the  grains, 
many  vegetables,  and  apples  will  grow  in  the  Cholila  district 
on  the  appropriate  exposure  and  soil.  Irrigation  is  not  practi- 
cable, unless  in  small  areas  in  the  Cholila  Valley,  and  will  gene- 
erally  not  be  needed,  as  the  rainfall  is  adequate  and  the  soils 
are  retentive  of  moisture. 

East  of  Cholila  and  separated  from  that  district  by  the  Con- 
tinental Divide,  which  is  a  low  moraine  ridge,  is  the  Chubut  Val- 
ley. The  possible  future  of  the  extensive  plains  of  that  valley 
as  an  agricultural  district  remains  to  be  demonstrated  by  ade- 
quate surveys  and  experiments.  The  soils  are  rather  gravelly 
and  the  plains  are  swept  by  winds,  yet  it  is  thought  that  most  of 
the  area  can  be  cultivated  under  irrigation,  provided  an  appro- 
priate S3rstem  of  windbreaks  be  installed.  Ridges,  brush  fences, 
hedges,  or  rows  of  trees  will  be  needed  to  protect  the  crops  and 
prevent  excessive  evaporation  by  dry  winds. 

The  group  of  agricultural  districts  to  which  the  Bols6n,  the 
Hoyo,  Cholila  Basin  and  Valley,  and  the  Chubut  Valley  belong 
constitutes  an  important  section  of  the  Andean  province.  As 
the  Chubut  Valley  lies  in  large  part  outside  of  the  zone  of  com- 
pleted topographic  surveys  the  area  of  irrigable  land  which  it 
contains  may  be  considerably  more  or  less  than  the  estimated 
36,000  hectares,  but  it  is  in  any  case  a  large  area  and  with  the 
other  districts  gives  a  probable  total  of  60,000  hectares,  the  prod- 
uce of  which  will  be  shipped  through  the  junction  at  Fofocahuel 
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\  with  the  railway  line  from  Esguel  to  Marilaiifquen  and  San 

1  Antonio.    This  whole  area  may  be  termed  the  Fofocahuel  dis- 

i  trict.    It  constitutes  the  hinterland  of  that  point,  and  the 

I  farming  population  which  will  gather  in  this  section  to  the  num- 

i  ber  of  5,000  or  more  will  give  it  great  importance  in  the  territory. 

i  South  of  the  Fofocahuel  district  and  separated  from  it  by  the 

I  highlands  in  which  the  Rio  PercQr  heads  is  the  Colonia  de  16  de 

Octubre,  of  which  the  principal  center  of  population  is  the  town 
of  Esguel.  The  Corintos  Valley  and  the  valleys  of  its  several 
tributaries,  the  rivers  Percey  and  Antefal  and  the  Arroyo  Esguel, 
contain  the  large  area  of  agricultural  lands  which  is  included  in 
j  the  colony.    They  have  been  in  cultivation  since  1888  and  the 

quality  of  the  soil  has  been  well  demonstrated  by  the  successful 
^  attempts  of  Martin  Underwood,  John  Evans,  and  one  or  two 

I  other  settlers  to  grow  various  crops.    Wheat  is  more  commonly 

J  grown  than  anything  else,  being  in  that  isolated  region  an  essen- 

tial staple  which  can  not  well  be  imported.  All  kinds  of  garden 
vegetables  of  the  temperate  rlimatftf^  grow  and  mature.  Orchards 
of  apples,  pears,  plums,  cherries,  quinces,  and  peaches  are  suc- 
cessful. Grapes  grow  well,  if  protected  by  covering  in  the  win- 
ter. The  mildness  of  climate  which  is  so  favorable  is  exceptional 
in  the  central  Andes,  being  shared  only  by  El  Bols6n,  the  Hoyo 
de  Epuydn,  and  the  Corcovado  Valley,  and  is  due  to  the  low 
elevation  of  the  Corintos  Valley  and  to  its  protected  situation. 
A  dense  farming  population  will  be  attracted  to  it  and  will 
eventually  replace  the  Welsh  colonists,  who  have  as  a  rule  made 
but  little  improvement  of  the  rich  lands,  of  which  they  each  own 
2,500  hectares.  All  of  the  land  except  the  upper  Corintos  Val- 
ley is  capable  of  farming  without  irrigation  and  should  be  sub- 
divided in  lots  of  20  to  40  hectares  according  to  its  situation  and 
the  quality  of  the  soil.  The  total  area  of  arable  land  suitable 
for  general  agriculture  is  estimated  at  27,580  hectares  and  should 
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support  a  fanning  population  of  4,500  or  more  persons.  The 
outlet  of  ttiis  district  is  from  the  town  of  Esguel  either  by  way  of 
Marilaufquen  to  San  Antonio  or  to  Puerto  Madryn.  In  the 
discussion  of  the  San  Antonio  Railroad  and  its  connections,  it 
was  shown  that  Esguel  is  equidistant  from  both  ports. 

The  agricultural  lands  of  the  Corcovado  Valley  are  of  alluvial 
origin  and  consist  of  sandy  loam,  which  is  locally  gravelly.  They 
lie  on  three  terraces.  The  lowest,  being  within  reach  of  occa- 
sional floods,  is  covered  with  fine  loam  of  recent  acciunulation, 
which  is  an  excellent  soil  for  vegetables.  The  area  of  this  ter- 
race is  relatively  small.  The  second  terrace,  5  meters  above 
the  lowest,  is  a  narrow  strip  of  little  value.  The  third,  10  meters 
above  the  river,  forms  about  75  per  cent  of  the  total  area  of  the 
valley,  covering  some  3,000  hectares.  The  soil  is  a  fine  sandy 
loam  I  to  2  meters  deep,  underlain  by  gravel  and  sand.  It  is 
excellently  adapted  to  fruits  and  vegetables,  which  are  also 
favored  by  the  mild  climate  and  sheltered  position  of  the  valley. 

Grazing  Industry  in  the  Cordillera 

Cattle  raising  (ganaderfa  mayor)  is  at  present  the  principal 
industry  of  the  forested  valleys  and  mountains  of  the  Cordillera. 
Sheep  raising  (ganaderfa  menor)  is  associated  with  it  in  the 
eastem  grassy  serranfas  which  border  the  wide  plateaus  of  west- 
em  Patagonia.  The  distinction  between  the  areas  adapted  to 
cattle  or  to  sheep  depends  on  the  rainfall,  snowfall,  and  vegeta- 
tion. The  westem  mountains  are  suited  to  cattle  and  not  to 
sheep;  the  ranges  in  the  eastem  foothills  are  good  for  both  sheep 
and  cattle;  beyond  the  foothills,  farther  east,  sheep  thrive  but 
cattle  do  not. 

In  the  virgin  forests  cattle  feed  on  underbrush,  on  bamboo, 
and  on  succulent  grasses  that  grow  in  the  shade.  In  the  bumt 
forests  the  grasses  are  more  abimdant  and  the  wild  pea  vine  grows 
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luxuriantly.  Water  is  plentiful.  In  the  grassy  serranias,  where 
trees  do  not  grow  because  the  rainfall  is  inadequate,  the  pasture 
consists  of  harder  grasses  and  of  shrubs.  Cattle  thrive  on  them 
also,  provided  water  is  available  in  running  streams,  and  here 
the  sheep,  which  can  not  subsist  healthfully  on  the  succulent 
herbage  of  the  forest,  do  welL  The  sparse  bunch  grasses  of  the 
semi-arid  Pampas  suffice  for  sheep  of  the  merino  stock,  but 
cattle  do  not  fatten  there  and  often  do  not  long  survive. 

Higher  and  lower  zones  of  the  Cordillera  have  different  graz- 
ing seasons,  as  in  the  Alps.  There  are  high  pastures,  lying 
above  timber  line,  between  1,500  and  2,000  meters  above  sea, 
to  which  cattle  resort  from  December  to  March  to  escape  the 
flies.  Dturing  the  cooler  hours  they  feed  in  the  alpine  meadows, 
but  when  the  sun  is  high  they  retreat  to  the  uppermost  woods, 
where  they  lie  in  the  grass  in  the  shade.  Though  included  in 
the  barren  areas  in  the  land  classification  which  accompanies  this 
report,  the  high  pastures  wiU  be  found  to  be  of  service  in  the 
future  development  of  cattle  breeding  and  dairying.  The  total 
area  of  the  heights  above  an  altitude  of  1,500  meters  is  esti- 
mated at  6,000  square  kilometers,  and  it  is  probable  that  there 
are  4,000  square  kilometers,  or  160  leguas,  which  wiU  afford 
simuner  pasture. 

Between  the  high  pastures  and  the  general  level  of  the  large 
lakes  are  the  forested  mountain  slopes  and  valleys,  which  are 
partly  stiU  in  virgin  forest  and  partly  covered  with  burnt  forest 
with  more  or  less  brushy  growth.  The  area  of  virgin  forest 
is  estimated  at  5,650  square  kilometers,  or  226  leguas.  The 
burnt  forest  and  the  brushy  growth,  which  usually  indicates 
forests  burnt  long  ago,  cover  about  5,000  square  kilometers,  or 
200  leguas. 

The  brushy  slopes  merge  into  the  grassy  serranlas  and  are 
not  readily  divided  from  them.    In  the  virgin  forests  and  brushy 
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growth  cattle  may  feed  through  both  winter  and  summer  up  to 
a  certain  altitude,  which  is  greater  or  less  according  to  the  pro- 
tection afforded  by  the  vegetation  or  the  adverse  condition  of 
heavy  snowfall.  They  fatten  during  the  winter  in  the  bamboo 
thickets  of  the  western  Cordillera  between  800  and  1,000  meters 
above  the  sea,  for  although  the  snowfall  is  heavy  they  find  both 
feed  and  shelter  beneath  the  forest  trees  and  cane.  They  range 
in  winter  up  to  altitudes  of  1,100  or  possibly  1,200  meters  in 
the  scantier  brushy  growth  on  the  ranges  of  the  eastern  Cor- 
dillera, provided  they  find  sunny  exposures  and  protection  from 
the  wind.  In  general  the  altitude  of  1,000  meters  above  sea 
may  be  taken  as  the  upper  limit  of  the  winter  range  in  the  vir- 
gin forests  and  burnt,  brushy  growth,  but  as  the  conditions  vary 
locally  no  very  definite  line  can  be  drawn.  From  one-fourth  to 
three-fifths  of  a  given  drainage  basin  may  be  adapted  to  winter 
gra2dng,  and  probably  it  is  not  far  from  the  truth  to  take  on  the 
average  two-fifths  of  the  total  area  as  available  for  that  purpose. 
These  figures  wiU  enter  into  the  estimate  of  the  future  develop- 
ment of  the  grazing  industry. 

The  grassy  serranfas,  into  which  the  brushy  areas  of  the 
eastern  Cordillera  merge,  are  adapted  to  winter  grazing  for 
cattle  only  where  sheltered  sxmny  valleys  offer  favorable  con- 
ditions. There  are  many  such  valleys.  In  them  we  must  dis- 
tinguish the  pasture  of  the  slopes,  which  is  the  principal  re- 
source in  winter,  from  that  of  the  swampy  meadows  ("mallins"), 
which  is  not  available  dturing  the  wetter  season.  Cattle  go  into 
the  mallins  in  the  autumn  before  they  get  too  wet  and  resort  to- 
them  in  late  spring  as  they  dry  out.  Artificial  drainage  and  cul- 
tivation of  crops  for  winter  feed  will  change  these  conditions. 
Sheep  range  in  higher,  more  exposed  pastures  than  cattle  diuing 
the  winter  and  ascend  to  the  highest  parts  of  the  grassy  ser- 
ranfas in  stmmier. 
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A.  Industries  of  the  natives  of  the  Andes.     Grinding  corn. 

B.  Industries  of  the  natives  of  the  Andes.    Weaving  saddle-blankets. 
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In  order  to  indicate  in  a  general  way  the  distribution  of  these 
various  classes  of  pasture  lands  throughout  the  area  which  we 
have  studied,  the  following  data  have  been  taken  from  the  land- 
classification  map  and  have  been  tabulated  according  to  drainage 
basins.  The  exact  figures  obtained  from  the  map  are  given, 
but,  as  has  been  previously  stated,  the  areas  are  the  result  of  a 
reconnaissance  and  are  not  to  be  regarded  as  more  than  ap- 
proximate. 

The  approximate  areas  given  in  the  preceding  table  may 
be  used  as  a  basis  for  estimating  the  general  capacity  of  this 
section  of  the  Cordillera  or  of  any  of  the  particular  districts 
eniunerated  to  carry  Cattle  and  sheep.  Two  distinct  bases  of 
estimate  should  be  considered — (i)  the  present  condition  of  the 
gra2dng  lands  of  the  Cordillera;  (2)  the  condition  to  which  they 
will  readily  be  brought  when  occupied  by  responsible,  intelli- 
gent ranchmen,  and  handled  accordingly. 

At  the  present  time  certain  gra2dng  lands  of  the  Cordillera, 
like  those  of  Patagonia  in  general,  are  notably  reduced  in  ca- 
pacity. Irresponsible,  crowded  grazing  is  the  cause,  and  the 
conditions  have  been  discussed  in  another  place.  The  effect  is 
that  the  capacity  of  the  more  accessible  valleys  and  the  mountain 
slopes  adjoining  them  is  reduced  from  800  or  1,000  head  of  cattle 
per  anniun  to  100  or  200  head  in  extreme  cases  of  small  areas — 
the  lower  valley  of  the  Rio  Cholila  and  the  mountain  slopes  about 
£1  Bols6n,  for  example.  The  virgin  forests  now  can  carry  only 
a  part  of  the  cattle  they  would  support  if  they  were  more  gen- 
erally accessible.  The  ground  is  enounbered  with  dead  tnmks 
and  underbrush.  The  burnt  forest  also,  although  more  acces- 
sible and  richer  in  pasture  than  the  virgin  forests,  is  in  many 
places  a  tangle  of  fallen  logs  which  cattle  can  not  readily  pene- 
trate. The  high  pastures  are  now  but  little  used.  Practically 
no  feed  is  raised  for  winter.    Thus  an  estimate  based  on  the 
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DISTRIBUTION  OF  GRAZING  LANDS 

AKEAS  IN  SQUASE  KILOMETERS 


Dz»iiiagc  basin  or  locality 


I.  District  north  of  the  National  Park : 

Lago  Huechulaufquen 

Lago  Lolog  and  Rio  Quilquihu6 

Lago  Lacar 

Lago  Meliquina  and  tributaries. . . . 

Rio  Quemquemtreu  Norte 

Lago  Falkner  (excluding  Villarino) . 

Total 

n.  District  of  the  National  Park: 

Lago  Villarino 

Lago  Traful 

Rio  Traful 

Lago  Nahuel  Huapf 

Lago  Correntoso 

Lago  Espejo 

Nirihuau  and  Niric6 

Upper  Manso 

Lago  Hess  and  tributaries 

Lagos  Martin  and  Steffen 

Lower  Rio  Manso 

Rio  Villegas 

Total 

ni.  District  south  of  the  National 
Park: 

Rio  Villegas,  south  of  the  Park. . . . 

RioFoyel 

Rio  Quemquemtreu 

Rio  Azul 

Lago  Pudo  and  Rio  Turbio 

Lago  and  Rio  £puy6n 

Rio  Cholila 

Upper  Rio  Fetaleufu 

Lago  Rivadavia  and  Rio  Fetaleufu. 
Lago  Men£ndez  and  Rio  Fetaleufu. 
Lago  Fetalauf quen  and  Rio  Fetaleufu 
Rio  Fetalauf  quen  below  Lago  EIruger 


Pastures 
above 
X.50O 


386 
130 
197 
130 
103 
24 


970 


12 

148 

236 

887 

12 

32 

los 

120 
36 
80 

73 
29 


1,760 


45 
272 
124 

215 

536 
224 

41 
262 

179 

301 

65 

168 


Grasnr 
serranias 


669 
267 
181 
186 
146 
40 


1,489 


287 
52 


736 
23 


1,098 


76 
22 


203 
227 
XOO 
46 
56 
173 

99 


Brushy 

and  bunt 

forest 


47 

62 

287 

xo 

7 

10 

140 

31 

98 

294 

126 


1,114 


332 
277 
157 
67 
244 
232 

74 
140 

136 
28 


Vli«in 

tOKSt 


340 
163 

495 
182 

77 


1,257 


71 
266 

867 
108 
166 

195 

181 

104 

30 


1,988 


3 

85 

53 

55 

296 

34 
24 
94 
156 
247 
106 
119 


Total 


1,395 
560 
873 
498 
249 

141 


3,716 


85 
461 
585 
2«3 
130 
195 
851 
478 
248 
282 
397 
155 


5,960 


124 
711 
454 
427 
899 
705 
524 
530 

521 

604 
480 
414 
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DniM^tbtainorlocafitjr 

PMtOZCt 

above 
1,500 

•emnJiit 

Brushy 

and  burnt 

forest 

lands 

Vinln 

fOKSt 

lands 

Total 

Tributary  to  Rio  Fetaleufu  from 
Laffos  I.  2.  ^. 

393 
88 

17 
41 

319 
66 

162 
52 

532 
88 

1,551 
2,874 

30 
168 

304 
426 

898 

238 

62 

208 

"5 

72 

162 

371 
112 

92 

793 
423 
925 
717 

1,588 
1,967 
3,028 

T^ower  Fetaleufu 

Rio  Perccy  and  Arroyo  Esguel 

Rio  Corintos,  Valle  de  16  de  Octubre 

Rio  Corcovado,  including  Rio  Frio, 

Rio  Hielo.  Rio  Huemui 

Rio  Chubut 

RioTecka 

Total 

3,356 

6,261 

3,813 

2,404 

15,834 

present  condition  of  grazing  lands  in  the  Cordillera  must  employ 
very  moderate  figures. 

These  unfavorable  conditions  will  not  long  continue.  They 
are  inherent  in  the  stage  of  development  of  the  frontier.  The 
effects  of  overgrazing  will  be  overcome  by  allowing  the  pasture 
plants  to  reseed  themselves  by  keeping  cattle  and  sheep  off  dur- 
ing the  season  of  flowering  and  ripening.  Useless  plants  and 
impenetrable  thickets  will  be  removed.  The  alpine  pastures 
will  be  utilized.  Crops  will  be  raised  to  feed  stock  in  winter. 
The  proper  utilization  of  the  ranges  at  appropriate  seasons  wiU 
become  a  fixed  practice  required  by  economic  conditions.  Cattle 
grazing  in  the  Cordillera,  thus  intelligently  conducted,  will  yield 
a  far  larger  product  than  it  can  while  carried  on  by  primitive 
methods,  under  frontier  conditions. 

Under  the  existing  conditions  we  are  led  by  observations 
of  the  nimiber  of  cattle  and  sheep  now  ranging  in  the  area  studied, 
as  nearly  as  they  can  be  estimated,  to  place  the  annual  capac- 
ities of  the  different  zones  at  the  following  figures: 
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ESTIMATED   ANNUAL   GRAZING   CAPACITY   PER  LEGUA  OF 

RANGES   IN  THE   CORDILLERA   ON  NATIVE 

PASTURES  ONLY 

PASTURES  ABOVE  I,500  METERS  NOT  CONSIDERED  FOR  ANNUAL  GRAZING 


Grassy  serranfas  of  the  eastern  Cordillera 

Bnishy  slopes  and  burnt  forest 

Virgin  forest 


Sheep 


i,ooo 


Cattle 


350 
600 
400 


By  applying  these  estimated  capacities  to  the  areas  of  graz- 
ing lands  enumerated  in  the  preceding  table,  we  arrive  at  the 
following  results  for  the  three  districts  represented  by  the 
National  Park  and  the  classified  areas  north  and  south  of  it. 


ESTIMATE  OF  THE  NUMBER  OF  CATTLE  AND  SHEEP  WHICH  MAY 
BE  CARRIED  IN  THE  CORDILLERA  ON  NATIVE  PASTURES 
ONLY,  BELOW  ALTITUDES  OF  1,500  METERS  ABOVE  THE  SEA 


District  and  classification 

£8tiinatod  unnMf^ 
capacity 

Area  in 
leguas 

Number  of 
cattle 

Number  of 
sheep 

I.  District  north  of  the  National 
Park: 

Grassy     serranlas,     including 
brushy  areas. .  ^ ....  ^ ....  ^ . 

(Cattie     3So\ 

I  Sheep  1,000/ 

Cattie     400 

/Cattie     350 1 

I  Sheep  1,000/ 

Cattie     600 

Cattie     400 

/Cattie     350 1 

I  Sheq>  1,000/ 

Cattie     600 

Cattie     400 

60 
SO 

44 

45 
80 

250 

152 
96 

/  21,000 
20,000 

/  IS»400 

27,000 
32,000 

1  87,500 

91,200 
38,400 

60,000 
44,000 

250,000 

Virgin  forests 

n.  National  Park: 
Grassy  serranfas 

Brushy  and  burnt  areas. 

Virgin  forests 

m.  District  south  of  the  Na- 
tional Park: 

Grassy  serranfas 

Brushy  and  burnt  areas 

Virgin  forests 

Total 

777 

332,500 

354,000 
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In  order  to  estimate  the  future  of  the  grazing  industry  in 
the  Cordillera  it  is  necessary  to  take  account  of  the  changes  which 
follow  in  cattle  raising  and  dairying  as  the  population  and  the 
markets  develop.  At  present  cattle  are  raised  only  for  the  out- 
side market,  either  in  CMe  or  in  Buenos  Aires.  There  is  no 
local  market.  The  conditions  of  the  industry  are  primitive. 
The  estancias,  where  breeding  and  management  conform  with 
good  practice,  are  east  of  the  Cordillera  or  in  the  eastern  foot- 
hills. The  valleys  and  forested  slopes  within  the  mountain  zone 
are  occupied  by  the  inferior  cattle  of  squatters,  which  range  wild 
and  are  with  difficulty  rounded  up  to  be  driven  to  Chile.  There 
is  no  attempt  to  use  the  range  as  a  whole  or  in  its  different  parts 
intelligently  for  breeding  better  stock  or  for  the  most  profitable 
use  consbtent  with  proper  conservation  of  the  pasture.  A  sound 
growth  of  the  industry  will  require  in  the  Cordillera  the  same 
attention  to  these  vital  questions  as  is  given  them  elsewhere. 
The  local  conditions  should  be  studied  in  each  drainage  basin  or 
other  grazing  district  to  determine  the  proper  season  to  utilize 
each  class  or  zone  of  pasture;  how  to  propagate  the  native  grasses 
or  improve  them  by  introducing  better  foreign  varieties;  what 
hay  to  raise  for  winter  feed;  what  stock  is  best  adapted  to  the 
local  conditions;  what  can  be  done  in  dairying  and  especially  in 
the  manufacture  of  butter,  cheese,  condensed  milk,  etc. 

On  a  previous  page  the  general  distribution  of  stunmer  and 
winter  ranges  has  been  stated  and  the  proportion  of  the  area 
suitable  for  winter  occupation  estimated  at  two-fifths  of  the 
grazing  lands  considered.  In  general  terms  it  would  follow, 
from  the  ratio  of  three  to  two  between  the  areas  available  at 
the  two  seasons,  that  one-third  of  the  stock  carried  in  simmier 
must  be  sent  out  of  the  mountains  or  be  specially  fed  diuing  the 
winter.  According  to  the  preceding  estimate  this  would  amount 
to  110,000  head. 

In  the  preceding  statement  no  account  is  taken  of  the  high 
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summer  pastures,  the  useful  area  of  which  is  estimated  at  4,cxx) 
square  kilometers,  or  i6o  l^uas.  At  300  head  of  cattle  per 
legua,  the  equivalent  would  be  48,000  head  in  all,  which  could  be 
fed  during  the  short  period  of  three  months  in  addition  to  the 
other  herds. 

In  regard  to  the  areas  of  virgin  and  burnt  forest  it  must  be 
remembered  that  they  are  reserves,  which  must  be  handled  pri- 
marily with  reference  to  the  conservation  of  forests  and  waters. 
Grazing  in  the  reserves  is  a  secondary  use  of  the  lands.  It  is, 
however,  an  important  and  permanent  use,  and  the  care  which 
protects  the  forest  will  equally  protect  the  grazing.  The  for- 
ests will  be  made  wholly  accessible  and  their  capacity  to  sup- 
port cattle  will  be  increased  by  30  to  50  per  cent.  Still,  at  cer- 
tain stages  of  reforestation  cattle  must  be  temporarily  excluded 
from  the  areas  in  which  yoimg  trees  are  growing.  The  reduction 
of  available  pastures  due  to  these  exclusions  may  offset  the 
increase  in  capacity  per  legua.  It  will  therefore  be  wise  not  to 
estimate  on  a  larger  number  of  cattle  to  be  carried  by  the  virgin 
and  burnt  forests  throughout  the  year  as  a  whole,  although 
locaUy  the  annual  capacity  may  exceed  800  to  the  legua. 

The  annual  capacity  of  the  grassy  and  bushy  serranfas  of 
the  eastern  Cordillera  was  originally  better  than  it  is  now.  The 
pasture  has  suffered  under  indiscriminate  grazing.  It  can  be 
restored  without  diminishing  the  amount  of  stock  in  the  ranges, 
provided  the  grasses  be  given  opportunity  to  reseed.  It  may  be 
materially  increased  by  sowing  other  grasses  among  those  native 
to  the  ground.  Allowing  1,000  sheep  per  legua  in  addition  to 
the  cattle,  the  number  of  cattle  may  be  placed  at  600  per  legua 
for  the  whole  year. 

Finally,  in  considering  the  future  of  the  grazing  industry  in 
the  Cordillera,  we  must  take  account  of  those  areas  which  have 
been  classed  among  the  agricultural  lands  but  distinguished  as 
liable  to  frosts  and  suitable  to  raising  grazing  crops  only.    The 
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A.  Industries  of  the  natives.    Harvesting  corn  crop. 

B.  Peons  eating  an  asado.    An  asado  b  a  roast  toasted  on  a  spit  over  the  fire  as  seen  in  the  center  of  the  picture. 
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areas  are  enumerated  in  the  tabulation  of  agricultural  lands  on 
page  332.  The  total  area  is  33  l^guas.  The  capacity,  stated  as 
the  number  of  cattle  that  might  be  supported  the  year  through  on 
the  native  grasses,  may  be  reasonably  estimated  at  800  head  per 
legua.  If  the  native  growth  be  helped  out  by  sowing,  the  annual 
capacity  should  be  increased  to  probably  1,200  head  per  legua. 
In  the  preceding  discussion  the  annual  capacity  of  the  range 
has  been  considered,  and  all  estimates  refer  to  the  nimiber  of 
cattle  that  might  graze  twelve  months  on  the  area  of  a  legua. 
If  we  distinguish  two  seasons  of  six  months  each  and  divide  the 
ranges  so  that  the  pastures  are  occupied  diuing  half  the  year 
only,  they  can  carry  a  larger  number  of  cattle  during  the  shorter 
period.  In  considering  the  stocking  of  the  Nirihuau  basin  with 
sheep  (see  page  211),  it  was  suggested  that  the  seasonal  capacity ^ 
or  the  capacity  for  a  period  less  than  twelve  months,  might  be 
calculated  by  multiplying  the  annual  capacity  by  twelve  months, 
dividing  that  product  by  the  number  of  months  in  the  season, 
and  taking  from  60  to  80  per  cent  of  the  quotient  according  as 
the  season  was  shorter  or  longer.  Taking  the  stunmer  and  win- 
ter seasons  at  six  months  each,  we  might  at  first  sight  say  that 
double  the  annual  capacity  could  be  carried  in  either  season;  but 
various  practical  factors  enter  in  to  reduce  the  seasonal  capacity 
for  six  months  to,  say,  70  per  cent  of  twice  the  annual  capacity. 
Applying  this  factor  to  the  preceding  estimates,  we  have: 

ESTIMATE  PER  LEGUA  OF  THE  SEASONAL  GRAZING  CAPACITY 
OF  RANGES  IN  THE  CORDILLERA  FOR  CATTLE 
r Annual  capacity  X  12 


[Annual  capaaty  X  12  1 
1 ^  °H 


Grassy  serranfas  of  the  eastern  Cordillera 490 

Bushy  slopes  and  burnt  forest 840 

Virgin  forest 860 

Alpine  pastures,  above  1,500  jmeters,  three  months  only, 

(300  X  12            \ 
X  0.60 1 720 
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ESTIMATE  OF  THE  NXJMBER  OF  CATTLE  WHICH  MAY  BE 
CARRIED  IN  THE  CORDILLERA  ON  SUMMER  AND  WINTER 
PASTURE  AND  WINTER  FEEDING  ACCORDING  TO  ESTI- 
MATED SEASONAL  CAPACITIES 


Chat  of  pMtuie  lands 

Number  of  cattle  in        | 

Saminer, 

rvovetnoer 

to  April 

Winter, 
May  to 
October 

Alpine  pastures  more  than  1,500  meters  above  the  sea 

ViJ^n  f nrest,  winter  range,  two-fifths  of  the  area 

z  20,000 
7S,6oo 
95,200 

i77»8oo 

50^00 
65,800 

119,000 
«4,ooo 

Burnt  forest  and  brush,  wmter  range,  two-fifths  of  the  area. . . 

Grassy  serranfas,  350  leguas  at  600  head  of  cattle  per  legua, 

winter  range,  two-fifths. 

Agricultural  lands  suitable  to  grazing  crops  only 

Total 

468,600 

319,200 

Excess  of  summer  over  winter  grazing  capacity,  149,400  head. 

Without  placing  more  confidence  in  the  general  estimate 
than  the  facts  observed  during  the  reconnaissance  may  justify, 
we  may  say  within  reason  that  the  Cordillera  will  carry  300,000 
head  of  cattle  during  the  winter  and  450,000  head  during  the 
siunmer  on  the  total  area  of  1,250  leguas  which  has  been  ex- 
amined. The  industry  will  adjust  itself  accordingly,  but  the 
excess  of  stock  which  may  be  carried  over  the  winter  rather  than 
sold  will  afford  a  market  for  fodder  crops — probably  for  all  the 
fodder  crops  that  can  be  grown  on  the  better  agricultural  lands 
not  devoted  to  raising  more  valuable  products,  such  as  fruit 
and  vegetables. 

Forest  Resources  of  the  Cordillera 

The  forests  of  the  Andes  differ  in  many  respects  from  any 
others  which  the  writer  has  seen.  The  trees  are  of  species  pe- 
culiar to  the  region  and  many  of  them  are  without  nearly  allied 
relatives  in  other  parts  of  the  world.    The  conditions  of  growth 
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would  be  strange  to  a  European,  the  character  of  the  trees  un- 
familiar to  a  North  American  forester.  The  peculiar  aspects 
enhance  the  interest  of  the  forests  but  they  can  not  be  said  to 
increase  their  value. 

Let  us  carry  the  contrast  into  some  detail  by  placing  in 
opposition  with  the  Andean  woods  the  equally  dense  and  far 
greater  forest  of  the  similar  zone  in  the  northwestern  United 
States,  that  of  the  Cascade  Range  in  the  State  of  Washington. 
The  climatic  conditions  are  very  similar.  In  both  continents 
the  western  slope  of  the  mountains  receives  a  very  heavy  rain- 
fall and  the  eastern  slope  is  relatively  arid;  in  both  the  vegeta- 
tion responds  to  the  environment.  On  approaching  the  Cor- 
dillera from  the  east,  a  strong  resemblance  is  noted  between  the 
grassy  Pampas  and  the  plateaus  of  the  Colimibia  River.  Passipg 
the  belt  of  shrubbery  common  to  both,  in  the  northem  latitude 
we  enter  the  open  glades  beneath  the  branches  of  the  yellow  pine 
{Pinus  pander osa)  J  among  whose  large,  bright-brown  trunks 
sheep  and  cattle  graze.  The  parallel  belt  on  the  eastern  edge  of 
the  Andean  forest  is  marked  by  a  growth  of  small,  many- 
branched,  crooked  trees,  with  scanty  deciduous  foliage,  growing 
in  small  thickets.  The  species  which  is  most  abundant  is  the 
chacay  (Discaria  foliosa),  a  thomy  arborescent  shrub.  Along 
the  streams  there  are  masses  of  molle  {Schinus  crenattis),  3, 
shrub  whose  bri^t-green  foliage  of  small  leaves  distinguishes 
it  in  the  generally  grajdsh-brown  landscape.  MingUng  in  this 
borderland  of  the  forest  are  isolated  individuals  and  groups  of 
scattered  trees  of  the  dpr^  (Libocedrus  chUensis),  which  finds 
sufficient  moisture  in  the  crevices  of  the  rocks  and  grows  on  the 
most  sterile  heights.  In  this  habitat  the  cedar  is  short  and 
branches  thickly  almost  from  the  ground  up,  tapering  after  the 
custom  of  its  kind.  On  the  eastern  mountain  slopes  these  out- 
posts, thrown  out  toward  the  arid  Pampas,  grow  up  to  the  tree 
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line  and  the  grasses  spread  above  them.  Not  so  m  the  heights 
above  the  zone  of  the  yellow  pine  of  Washington.  There  the 
heavy  growth  of  the  conifers  of  the  alpine  zone  succeeds  the 
open  stand  of  the  semi-arid  foothills. 

He  who  sees  in  these  almost  treeless  momitains  of  the  eastern 
Andes  only  a  certain  condition  of  climate  and  soil  will  fail  to 
understand  the  processes  which  have  produced  the  existing 
denudation.  It  is  not  because  there  is  too  little  rainfall  that 
trees  do  not  now  cover  these  slopes,  as  they  once  did,  but  because 
there  has  been  too  much  evaporation  and  run-off.  There  is  over 
a  meter  of  precipitation  even  now;  there  was  much  more  when 
the  forest  returned  to  these  heights  after  the  glaciers  of  the  last 
extension  of  the  Cordilleran  ice  withdrew  to  the  west;  the  trees 
must  then  have  been  similar  to  those  which  at  present  cover  the 
westem  Cordillera.  But  fire  has  done  its  insidious  work.  From 
the  binning  grass  of  the  Pampas  it  has  spread  year  after  year, 
decade  after  decade,  to  the  edge  of  the  woods,  where  each  attack 
opened  the  underbrush,  killed  a  few  more  trees,  and  spread  the 
grassy  spaces.  Dried  out  by  quick  run-off  and  by  evaporation, 
the  soil  waters  no  longer  suflSced  for  the  renewal  of  the  trees, 
and  though  the  advance  of  the  grass,  which  marks  the  fire's 
conquest,  was  but  short  at  any  one  season,  the  constant  repeti- 
tion has  sufficed  to  render  the  belt  practically  treeless.  That 
the  process  has  not  reached  any  natiural  limit,  we  may  see  in 
the  interior  of  the  Cordillera  in  the  vicinity  of  valleys  occupied 
by  squatters,  who  in  fifteen  years  have  done  much  to  extend  the 
same  effects  over  some  of  the  mountains  only  recently  covered 
by  virgin  forest. 

In  valleys  of  the  eastem  Andes,  and  particularly  in  the  plains 
which  surroimd  the  outlets  of  the  great  lakes,  we  see  a  different 
phase  of  the  same  process  of  change  from  forest  to  grasslands, 
but  a  change  in  which  the  forest  better  holds  its  own.    The 
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district  north  of  the  outlet  of  Lago  Nahud  Huapf  is  of  this 
character.  There  are  few  large  trees  but  dense  thickets  of  tall 
shrubbery.  The  nirf  and  chacay  are  hardly  to  be  recognized. 
They  have  put  on  respectability.  Along  the  brooks  one  finds 
healthy  specimens  of  young  trees  of  the  species  that  make  up 
the  imaltered  forest  beyond.  A  tall,  symmetrical  young  coihu6 
{Nothofagus  dombeyt)y  distinguished  by  the  dark  green  of  its 
shining  foliage,  demonstrates  the  suitability  of  the  environment 
of  its  kind  and  proves  that  the  forest  may  return  to  occupy 
the  valleys  if  protected  against  the  two  enemies — ^fire,  which 
destroys  the  seed  producers,  and  cattle,  which  destroy  the  seed- 
lings. 

Certain  plains  and  ridges  there  are  which  the  forest  has 
probably  never  covered — plains  of  glacial  gravels,  where  the 
water  table  lies  too  deep.  Here  again  the  dpr^s  groups  its 
conical  forms  and  associated  with  it  are  the  tall  rounded  climips 
of  the  radal  or  raral  {Lomatia  obliqua)^  in  this  habitat  resembling 
close-growing  alders.  Under  better  conditions  the  radal  is  a 
tree  not  imlike  a  small  hickory,  which  it  resembles  also  in  hard- 
ness and  elasticity.  The  leaf  of  the  radal,  one  of  the  largest  of 
the  leaves  of  Andean  trees  on  the  Argentine  side,  is  the  size  of 
an  alder  leaf  and  very  like  it  in  form,  but  thicker,  harder,  and 
glossy.  When  touched  by  frost  or  drought,  it  changes  color  from 
a  dark  green  to  the  maroon-green  of  the  copper  beech. 

Such  are  the  aspects  of  the  forest  on  its  outskirts,  where  it  is 
at  a  disadvantage,  where  it  yields  ground  to  the  phoenix-like 
grass  that  survives  biuning,  or  is  represented  by  the  types  adapted 
to  arid  conditions.  A  short  distance  westward  the  rainfall  is 
abundant,  the  conditions  of  moisture  essential  to  luxiuiant 
forest  growth  are  perpetuated  by  the  very  forest  itself,  and, 
growing  in  the  rich  soil  of  interstratified  glacial  drift  and  vol- 
canic ash,  the  dense  vegetation  almost  suggests  the  tropics. 
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One  must  say  almost  In  Chile  the  tropical  suggestion  is  stronger, 
for  there  the  huge  trees  are  hung  with  masses  of  pendant  vines 
and  the  growth  is  oppressive.  In  the  Argentine  Andes  the 
growth  is  more  open  overhead  and  occasionally  invites  the 
enjoyment  of  a  not  too  limited  view. 

That  northern  forest,  which  in  the  other  hemisphere  grows 
in  similar  latitudes  and  climate,  is  composed  almost  entirely  of 
conifers,  of  Douglas  spruce,  hemlock,  sugar  pine,  and  others. 
An  alder  tree  and  a  vine  maple  represent  the  ordinary  deciduous 
species.  In  the  Andes,  by  strange  contrast,  the  conifers  are 
confined  to  one  common  kind,  the  cipr6s,  and  a  very  few  other 
species  of  limited  range.  The  predominant  growth  is  the  beech, 
the  Andean  beech  of  the  genus  Nothofagus.  Two  species  and  one 
variety  are  common  and  several  species  occur  as  stragglers  from 
Chile.  The  Nothofagus  dombeyi,  by  the  natives  called  coihu6 
or  coigu^,  is  the  most  abundant  and  occupies  the  favored  habi* 
tats,  where  rich  soil,  abimdant  moisture,  and  good  drainage 
contribute  to  vigorous  growth.  The  Nothofagus  pumilio^  native 
lenga  or  lengu^  or  leda,  in  these  mild  latitudes  finds  a  congenial 
climate  at  high  altitudes,  usually  more  than  i,ioo  meters  above 
the  sea,  where  the  large,  vigorous  trees  prove  its  adaptation  to 
the  rigors  of  the  zone.  It  is  suggested  by  Haiunann-Merck"^ 
that  it  occurs  as  a  bush  with  Nothofagus  antarctica  in  the  lower 
zone,  and  this  observation  has  recently  been  confirmed  by  Dr. 
C.  C.  Hosseus. 

No  doubt  the  species,  descending  toward  sea  level,  extends 
southward  far  beyond  the  range  of  the  coihu^.  A  poor  relative 
of  these  two  fine  trees  is  the  Nothofagus  antarctica^  or  nirf, 
a  dweller  in  swamps  and  on  inhospitable  gravel  beds,  a  fol- 
lower after  fires.    It  is  by  some  botanists  regarded  as  identical 

*  "La  for^t  valdivienne  et  ses  limites/'  par  Dr.  Luden  Haumann-Merck.  Extrait 
du  RecueQ  de  llnsUtut  botanique  Leo  Errera,  T.  DC,  p.  379. 
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with  the  lenga,  but  even  if  systematically  the  same  the  two  are 
distinct  in  habit,  habitat,  and  usefulness. 

Continuing  the  enimieration  of  the  common  elements  of  the 
Andean  forest  in  its  virgin  state,  we  shoidd  name  the  Fitzroya 
patagonicaj  or  alerce,  which  resembles  the  Sequoia  sempervvrens 
or  redwood  of  California  and,  like  it,  grows  in  groves  limited 
to  sheltered  valleys.  It  requires  excessive  rain  and  snowfall 
and  is  therefore  f oimd  only  in  the  western  ranges.  A  species  of 
bamboo  (Chusquea  ctdeou)  is  so  abundant  throughout  the  coihu6 
forest  that  it  constitutes  a  feature  second  in  interest  only  to  the 
dominant  trees  themselves. 

A  straggler  from  the  richer  flora  of  the  Chilean  slope  is  the 
Nothofagus  obliquaj  or  roble  or  pellfn,  in  groves  at  high  altitudes, 
associated  with  the  coihu^  near  its  upper  limit  about  Lago 
Huechulaufquen,  Lago  Lolog,  and  Lago  Lacar.  It  has  not  been 
recognized  farther  south  but  may  occur,  for  it  is  not  readily 
distinguished  from  the  lenga.  In  this  northem  district  we  also 
see  the  rigid  antiquated  forms  of  the  Araucaria  imbricata^  or 
araucarian  pine.  A  jimiper-Uke  tree,  common  in  the  valleys  west 
of  Lago  Nahuel  Huapf  and  elsewhere  in  similar  situations,  is 
Podocarpus  nubigena^  or  the  manid.  Another,  whose  home  is 
also  west  of  the  mountains  but  which  is  f  oimd  here  aroimd  lake 
shores,  is  the  native  arrayan  (Eugenia  patagonica),  which  is  like 
the  CaUf omia  manzanita  in  its  habit  of  growth  and  the  color  of 
its  orange-tinted  bark. 

To  complete  the  list  of  common  species,  which  we  have 
leamed  to  recognize  but  which  includes  only  the  more  obvious 
ones,  we  may  add  the  following,  which  do  not  occur  in  the  virgin 
beech  forest.  As  a  rule  they  are  to  be  foimd  in  districts  where 
the  former  growth  of  large  trees  has  been  destroyed  by  fire  and 
they  constitute  the  second  formation,  consisting  of  shrubs* 
Growing  along  with  niri  and  bamboo  on  mountain  slopes  still 
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marked  by  dead  trunks  of  coihu^  and  dpr6s  or  persisting  where 
the  burnt  trees  have  long  since  fallen,  we  find  Lippia  juncea, 
or  retam6,  a  shrub  which  attains  a  height  of  3  or  4  meters 
and  resembles  a  broom,  all  the  stems  growing  parallel  and  close 
together.  The  leaves  are  minute  and  cling  closely,  adding  to 
the  broom-like  appearance.  Also  Mayknus  boaria,  or  mait^n, 
a  tree  rather  than  a  shrub,  for  it  has  a  well-defined  trunk  and 
crown,  although  it  is  usually  smaU.  One  individual  is  known, 
however,  the  "big  mait^n  of  the  Bols6n,"  which  is  about 
a  meter  in  diameter  and  spreads  its  branches  symmetrically 
to  15  meters  from  the  trunk  all  round.  The  leaves  are  like 
the  willow  in  form,  textxire,  and  color.  The  mait6n  is  eagerly 
eaten  by  cattle,  who  keep  the  branches  trinmied  to  the  height 
to  which  they  can  reach,  giving  the  tree  a  well-pruned  appear- 
ance. What  may  be  called  a  mait6n  formation,  since  that  tree 
is  the  principal  element,  grows  in  such  places  as  the  slopes  around 
the  Basin  of  Qiolila,  where  there  is  good  soil  and  pasture  but 
moderate  rainfall.  It  there  serves  an  excellent  purpose  in  giv- 
ing shade  to  the  cattle  as  no  other  shrub  of  the  same  habitat 
does,  but  since  the  leaves  are  good  browse,  the  trees  are  often 
cut  and  are  disappearing.  The  mait^n  prefers  a  low  altitude, 
300  to  700  meters  above  the  sea,  and  has  not  been  seen  at 
points  higher  than  850  meters. 

Fabiana  imbricata^  palo-pichi  or  pichf  is  a  small  evergreen 
somewhat  like  the  cipr6s,  which  grows  in  hot,  simny  habitats. 
The  bark  has  medicinal  properties  and  is  used  to  make  an  infusion 
useful  in  kidney  troubles.  Drimys  winkrij  or  laura,  a  shrub, 
grows  usually  about  5  meters  high  and  is  characterized  by 
small,  thick  green  leaves,  green  bark,  and  the  green  berries 
which  it  bears  in  February  and  March  in  large  clusters.  The 
berries  have  a  peppery  taste  and  are  eaten  by  nearly  all  species 
of  seed  birds.    The  corinto,  a  wild  currant,  and  the  calafate  or 
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Berberis  buxifoliaaie  noteworthy  amorigihesc^  The 

berry  of  the  calaf ate  is  not  unpleasant  to  the  taste  and  is  much 
eaten  by  birds.  The  plant,  however,  is  one  which  spreads  in 
over-grazed  pastures  and,  being  thick-leaved,  thorny,  and  dense, 
is  a  serious  detriment  to  any  place  where  it  covers  the  ground 
with  its  impenetrable  growth. 

The  preceding  list  of  species,  if  it  may  be  called  such,  attempts 
nothing  more  than  to  enumerate  the  trees  and  shrubs  which 
the  writer  and  his  colleagues  have  found  to  be  the  common  ele- 
ments of  the  tree  formations  of  that  section  of  the  Cordillera 
examined  by  them.  Some  others  are  known  to  us  by  sight,  but 
not  by  native  or  systematic  name;  and  no  doubt  there  are  many 
more  kinds  than  we  have  recognized.  There  are  two  very  dis- 
tinct groups  of  persons  who  know  these  plants — ^the  natives 
who  live  by  them  and  know  the  uses  which  they  subserve,  and 
the  botanists  who  have  given  them  systematic  classification.  It 
is  not  easy  to  bring  the  two  into  coordination.  The  native 
names  are  not  infrequently  applied  to  different  plants  in  differ- 
ent districts,  or,  like  ^^coir6n,"  which  means  simply  grass,  are 
collective,  not  specific  names.  We  have  gathered  the  names 
in  use  among  the  peones  and  among  the  halfbreeds  of  the  locality 
and,  with  the  assistance  of  the  botanists  of  Buenos  Aires,  have 
identified  as  ifiany  as  seemed  to  have  definite  meaning.'*' 

As  a  basis  for  a  Imnbering  industry  in  the  Cordillera  there 
are  four  species  of  trees  which  are  to  be  taken  into  account — the 
cipr6s,  the  coihu6,  the  lenga,  and  the  alerce.  In  the  following 
paragraphs  each  is  described  as  we  have  observed  it  in  this  r^on. 

The  dpr6s  {Libocedrus  ckUensis),  is  an  evergreen  cedar,  which 
in  rare  instances  reaches  a  height  exceeding  25  meters  but  is 

*  For  material  assistance  in  matters  relating  to  the  systematic  botany  of  the  Andes 
and  Pampas  we  are  indebted  to  Dr.  Carlos  Spegazzini,  Dr.  Juan  A.  Domtnguex,  Sefior 
A.  A.  Miliniez,  and  Dr.  Carl  Curt  Hosseus,  who,  both  officially  and  personally,  have  dooo 
all  that  lay  in  their  power  to  increase  the  value  of  our  notes. 
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usually  under  that  limit.  Very  large  trees  have  been  found 
that  were  5  meters  in  circumference  at  the  height  of  a  man's 
chest,  but  they  are  few  in  nmnber.  Sound  mature  trees  will 
range  from  1.5  to  a  little  over  2  meters  in  circumference  or  fnmi 
18  to  24  inches  in  diameter  in  the  best  stands.  When  growing 
in  the  drier  habitat  of  the  eastern  ranges,  the  dpris  branches 
excessively  from  the  ground  up  and  is  valueless  for  lumber*  On 
exposed  moimtain  slopes  also  the  natural  tendency  of  the  cedar 
to  branch  is  evident.  In  the  richer  soils  and  more  humid  con* 
ditions  of  the  valleys  within  the  Cordillera,  the  trees  run  up  as 
much  as  8  meters  comparatively  free  of  limbs.  In  these  local* 
ities^  w;hich  are  also  sought  by  the  coihu^,  the  cipr&  grows  scat* 
tered  throughout  the  forest,  rarely  attaining  a  heavy  stand  and, 
we  may  say,  never  a  pxire  one.  The  wood  is  light,  strong,  dur- 
able both  indoors  and  out,  and  easy  to  work.  It  is  practically 
the  only  wood  for  fence  posts  and  slats  and  is  better  adapted 
to  carpenter  work  in  general  than  any  other  of  the  Cordilleran 
woods. 

The  coihu^  (Nothofagus  dombeyt),  or  evergreen  beech,  is  a 
very  handsome  tree,  which  grows  with  a  strong  bole  and 
powerful  limbs.  It  is  like  the  European  beech  or  the  English 
oak  in  general  structure  of  the  trunk  and  branches.  The 
bole  is  often  buttressed  where  it  leaves  the  ground  and  the 
stem  throws  out  supporting  groins  where  large  branches  start. 
In  contrast  to  the  gr^at  strength  of  the  supporting  structure, 
the  foliage  is  composed  of  tiny  leaves  no  bigger  than  a  little  finger 
tip.  They  are  thick,  glossy  and  of  dark-green  color.  The 
coihu6  is  the  dominant  tree  of  the  dense  Andean  forest  and, 
except  that  it  is  almost  always  associated  with  the  cipr6s,  the 
stands  are  comparatively  pure.  Other  species  are  present  in 
very  subordinate  numbers  only.  In  heavy  stands  the  trees 
exceed  2  meters  in  circumference,  i.e.,  2  feet  in  diameter,  but  in 
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much  of  the  forest  the  average  is  about  1.3  to  1.5  meters  around, 
i.e.f  15  to  18  inches  in  diameter.  The  clear  trunks  are  from 
3  to  6  meters  (10  to  20  feet)  in  height,  but  are  rarely  as  straight 
as  conifers,  or  even  as  elms  and  maples.  When  green  the  wood 
is  very  heavy.  It  sinks  in  water  and  is  remarkably  permanent 
if  kept  submerged.  Used  as  fence  posts  or  railroad  ties,  however, 
it  soon  decays.  It  seasons  slowly  and  imless  very  thoroughly 
seasoned  is  apt  to  twist  and  split  When  properly  seasoned  it 
is  of  medimn  weight  and  hardness,  somewhat  lighter  and  softer 
than  beech  and  maple.  The  cdor  varies  from  light  wood-brown 
to  light  red.  The  wood  takes  a  good  polish  and  may  be  so 
sawn  as  to  give  a  fine  figure.  It  is  adapted  to  working  up  into 
f  luniture  and  other  highly  finished  articles.'^ 

The  lenga  (Nothofagus  pumilio)  is  a  deciduous  beech,  very 
like  the  coihu6  in  general  habit  and  growth.  Large,  mature  trees 
are  very  handsome  because  of  the  expression  of  strength  which 
characterizes  them.  The  bole  is  usually  shorter  than  that  of 
the  coihu^,  from  2  to  4  meters  in  height  to  the  point  where  the 
large  limbs  start,  and  the  upper  part  of  the  tree  branches  more 
frequently.  The  leaves  are  easily  distinguished  from  those  of 
the  coihu6  in  the  zone  where  the  two  species  mingle  (1,000  to 
1,100  meters  above  the  sea),  those  of  the  lenga  being  softer, 
larger,  and  more  deeply  lobed.  The  wood  of  the  lenga  has  been 
but  little  used,  as  the  trees  grow  so  high  in  the  ranges  that 
they  are  not  easy  of  access.  On  the  Rio  Traful,  however,  the 
axle  of  a  waterwhed  has  been  made  of  lenga  and  is  still  in  use 
after  a  number  of  years,  without  showing  any  decay.  In  gen- 
eral it  has  an  excellent  reputation  for  those  purposes  to  which 
a  hard,  heavy,  and  durable  wood  may  be  put.  For  a  long  time, 
however,  the  inaccessibility  of  the  zone  in  which  it  grows  must 

*  The  data  regarding  the  working  qualities  of  the  ccMhu6  are  furnished  by  Mr.  H.  M. 
Curran,  forester  of  the  Bureau  of  Forestry  in  the  Ministry  of  Agriculture,  from  inves- 
tigations in  progress. 
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limit  the  use  of  it.  Coihu^  will  be  used  in  place  of  lenga,  even 
if  the  latter  should  prove  the  better  wood  of  the  two. 

The  alerce  (Fitzraya  patagonica),  the  so-called  "redwood^' 
of  the  Andes,  is,  as  the  common  comparison  indicates,  very 
like  the  sequoia.  The  principal  groves  that  have  come  within 
our  surveys  are  those  at  the  head  of  Lago  Men£ndez  and 
were  examined  by  Mr.  Pemberton.  He  says  r^;arding  this 
occurrence  of  the  tree:  "The  alerce  grows  with  very  much  the 
same  habit  as  the  California  redwood — ^tall  and  very  straight, 
with  an  evenly  tapering  trunk.  The  greatest  diameter  noted 
was  8  feet,  and  several  trees  were  estimated  to  reach  a  height  of 
135  feet.  The  bark  is  of  a  light-gray  color  and  is  deeply  incised 
by  longitudinal  furrows  which  run  straight  upward  and  do  not 
twist  spirally  around  the  trunk.  It  is  thick  and  may  be  stripped 
from  the  trunk  in  long  slabs  sometimes  many  meters  in  length. 
The  trunks  are  usually  buttressed  at  the  base.  The  branches 
grow  straight  out  from  the  trunk  and  are  short.  The  lowest 
branch  is  well  up  from  the  ground.  The  wood  is  of  a  light-red 
color  and  very  light  in  weight.  It  splits  very  easily  and  is  xised 
entirely  for  making  shakes  and  shingles,  which  are  always  split, 
not  sawed.    It  appears  to  be  very  durable." 

Regarding  the  habitat  of  the  alerce,  Mr.  Pemberton  says: 
"The  alerce  grows  at  low  altitudes  in  the  deepest  canyons  of  the 
Cordillera,  where  there  is  a  maximum  of  rainfall  and  the  moun- 
tains are  snow-covered  most  of  the  year,  so  that  there  is  a  low 
annual  mean  temperature.  The  tree  seems  to  grow  at  its  best 
along  the  river  banks,  where  the  roots  lie  in  a  saturated  soiL 
The  alerce  has  been  seen  growing  from  200  to  500  meters  above 
the  sea.  It  may  reach  a  higher  elevation  in  some  of  the  canyons 
farther  west,  but  it  probably  does  not  occur  as  high  as  1,000 
meters.  Wherever  seen  it  was  growing  with  dprfe  and  coihu6 
above  the  dense  undergrowth  of  the  bamboo." 
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.     ,_._  slopes  atmve  ' 

Andean  beech  (NoUtofagus  Dombeyi). 
B.     Cutting  trail  in  the  second  growth  of  bamboo  and  nid  {Nothofagus  antarcHca),  which  comes  up  in  old  burns. 
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A^thin  the  area  of  our  survey  we  know  of  but  three  groves  ' 
of  alerce  of  notable  extent.  They  are  situated  on  the  Rio  Turbio, 
on  its  tributary,  the  Aierzal,  and  at  the  head  of  Lago  Men6ndez 
on  the  Rio  Navarro.  The  total  number  of  trees  in  these  groves 
is  not  large.  They  have  already  been  cut  to  some  extent,  even 
in  the  most  remote  of  these  valleys,  and  the  tree  has  practically 
been  exterminated  in  more  accessible  localities.  Small  examples 
may  be  seen  on  the  precipitous  sides  of  the  canyon  of  the  Golfo 
de  la  Tristeza,  but  elsewhere  on  Lago  Nahud  Huapf  there  are 
none  left. 

In  the  preliminary  reconnaissance  of  the  forests,  which  was 
carried  out  in  the  summer  of  1913,  it  was  not  possible  to  under- 
take any  estimate  of  the  amount  of  standing  timber  or  to 
distinguish  the  areas  which  had  been  culled.  It  is  known,  how- 
ever, that  considerable  areas  have  been  cut  over  and  the 
valuable  timber  has  been  removed  from  thenL  ^  In  some  cases  this 
has  been  done  under  a  Government  permit;  in  others  the  permit 
has  been  stretched;  and  again,  there  has  been  no  l^gal  permis- 
sion given,  but  timber  has  been  cut  and  sold.  Under  these  cir- 
cumstances the  residt  is  that  at  San  Martin  de  los  Andes  the  two 
sawmills  were  about  to  shut  down  for  lack  of  saw  logs  at  reason- 
able prices;  on  Lago  Nahud  Huapf  the  best  of  the  accessible 
timber  has  been  culled  from  the  forest  about  the  shores;  in  the 
long  stretch  of  the  central  valley  and  eastern  Cordillera  from  the 
south  end  of  Lago  Mascardi  to  the  Colonia  de  16  de  Octubre 
there  is  not  one  considerable  body  of  timber  that  has  not  been 
stripped  of  good  lumber  by  cutting  and  by  fires. 

The  areas  of  virgin  forest  which  have  not  been  more  or  less 
exploited  are  confined  to  the  less  accessible  valleys  of  the  western 
Cordillera,  beyond  the  lakes.  They  may  be  enumerated  as 
follows:  Heavy  timber,  comprising  both  dpr£s  and  coihu6,  ex- 
ists in  the  Huechulaufquen  and  Lolog  drainage  basins  on  the 
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slopes  above  Brazo  Paimtin  and  Brazo  Epulanfquen,  on  the 
north  shore  of  Lago  Curhu^,  and  about  the  head  of  Lago  Lolog; 
passing  the  basin  of  Lago  Lacar,  where  there  has  been  a  great 
deal  of  cutting,  we  find  untouched  forests  on  the  mountains 
between  Lago  Hermoso,  Lago  Villarino,  and  Lago  Espejo;  on 
Lago  Nahuel  Huapf,  just  west  of  the  arm  known  as  El  Rinc6n, 
there  is  a  small  group  of  very  large  coihu^,  which  has  escaped, 
although  it  is  on  a  trail  to  Chile;  about  the  head  of  the  Golfo 
de  la  Tristeza  there  are  fine  forests  in  the  deep  canyons,  but  the 
area  is  very  small,  as  the  mountains  are  in  general  too  predp- 
itous  to  support  much  timber;  south  of  the  Rio  Manso,  in  the 
drainage  basins  of  Lago  Hess,  Lago  Vidal  Gormaz,  and  Lago 
Martin,  is  the  largest  body  of  coihu6  and  dpr£s  in  the  National 
Park,  formerly  extending  still  farther  east  and  south,  but  these 
portions  have  been  destroyed  by  fires;  passing  the  great  burnt 
districts  that  lie  between  the  two  roads  from  El  Bolson  to  Chile, 
we  reach  the  region  of  the  forest  reserve  on  the  headwaters  of  the 
Rio  Turbio  and  of  the  Fetaleufu,  with  its  splendid  lake  region 
rivalling  Nahuel  Huapf  itself  in  grandeur  and  beauty. 

Inaccessibility  alone  has  preserved  these  forests  from  ex- 
ploitation and  burning.  They  are  being  made  accessible,  and 
nothing  but  the  most  constant  vigilance  under  a  strong  effective 
organization  will  preserve  them  in  the  future. 

We  estimate  the  total  area  which  has  been  mapped  as  virgin 
forest  as  5,650  square  kilometers.  Probably  one-fourth  of  the 
total  has  been  culled,  especially  of  the  valuable  dpr£s.  Less 
coihu6  has  been  taken,  for  it  is  much  more  difficult  to  handle 
and  not  now  so  desirable.  The  alerce  has  been  cut  where  acces- 
sible and  is  being  cut  in  the  remote  valleys,  where  the  great 
groves  stand.  The  lenga  in  the  heights  alone  remains  almost 
untouched  by  either  fire  or  ax. 

The  amount  of  timber  suitable  for  the  sawmill  is  less,  even 
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in  the  viigin  forests,  than  may  readfly  be  supposed.    The  for- 
ests are  what  is  called  over-ripe.    This  is  a  condition  scarcely 
known  in  Europe,  except  as  a  possibility  which  is  never  allowed 
to  occur,  for  in  all  European  countries  the  practice  of  forestry 
has  gone  on  for  so  long  that  the  forests  are  under  control  and 
are  cut  before  they  get  toe  ripe— Ihat  is,  before  they  begin  to  I 
decay.    The  virgin  forest  may  be  composed  chiefly  of  young  ; 
trees  or  chiefly  of  old  ones.    It  jnay  be  at  the  right  stage  of  j 
growth  to  cut  or  either  too  yoimg  or  too  old  to  yield  the  largest  j 
amount  of  good  lumber.    The  forests  of  the  Andes  are  too  old. 

Mr.  Jones  in  his  report  on  the  districts  north  of  Lago  Nahuel 
Huapf  says:  "The  forests  of  the  Argentine  Cordillera  are  gen-', 
erally  old  and  over-ripe.    A  large  proportion  of  the  trees  are  so  \ 
rotted  that  they  cannot  be  used  for  lumber."    Mr.  Pemberton  ' 
in  the  southern  districts  found  the  lenga  forest  older  and  more   ' 
decayed  than  the  coihu6  or  dpr6s,  but  in  describing  the  local 
conditions  of  individual  areas  he  frequently  refers  to  the  large 
size  and  advanced  age  of  the  trees  of  all  species.    The  writer, 
having  given  some  attention  to  the  origin  and  development  of  the 
forest  in  other  countries,  went  through  the  principal  districts 
from  San  Martin  to  Lago  Fetalaufquen  and  found  everywhere 
the  same  conditions.    The  proportion  of  old,  over-ripe,  unsound 
trees  was  estimated  to  range  from  60  to  80  per  cent  in  the  heavy 
stands  of  coihu6,  to  be  about  the  same  in  the  lenga  zone,  and  to 
be  about  50  per  cent  in  the  dpr6s.    It  follows  that  the  amount  of 
lumber  which  may  be  obtained  from  the  forests  in  their  present 
condition  is  much  less  than  is  commonly  supposed. 

The  actual  conditions  for  lumbering  operations  in  the  Cor- 
dillera are  such  that  the  exploitation  will  require  an  initial  out- 
lay of  capital  of  some  magnitude  and  rather  heavy  running 
expenses  in  proportion  to  the  value  of  the  product.  Since  the 
better  timber  has  been  cut  wherever  it  was  readily  accessible. 
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roads  and  trams  must  be  built  to  that  which,  because  of  being 
inaccessible,  has  been  left  The  dpr6s  grows  only  scattered 
among  the  coihu6  and  is  rarely,  if  ever,  to  be  had  in  large 
quantity  in  any  one  valley.  The  amount  of  the  best  lumber 
available,  taken  by  itself,  will  rarely  pay  the  cost  of  develop- 
ment. As  the  coihu£  when  green  is  very  heavy  and  will  not 
float,  it  is  inconvenient  and  costly  to  transport.  The  lumber 
is  at  present  used  only  for  fencing  materials  and  to  a  small 
extent  for  house  and  boat  biiilding.  Where  the  Government  sells 
lots  in  towns,  as  in  Bariloche,  it  requires  that  the  buyer  should 
biiild  a  house  of  brick  or  stone,  because  it  was  found  that  houses 
of  wood  could  be  moved  and  used  repeatedly  to  secure  title  to 
several  lots  in  succession.  The  use  of  lumber  in  construction  is 
therefore  limited.  R^arding  paper  making  from  the  various 
species  certain  data  are  given  in  Appendix  I.  The  wood  fibers 
are  shorter  than  those  in  general  use  for  this  purpose  in  the 
United  States. 

Taking  into  account  all  the  circumstances  of  the  character 
of  the  timber,  difficulty  of  access,  and  limited  market,  the  ex- 
ploitation of  the  Andean  forests  now  offers  no  inducement  for 
investment  of  private  capital.  This  conclusion  would  not  be 
changed  if  the  railways  connecting  the  Cordillera  with  the  sea- 
board and  Buenos  Aires  were  built. 

In  view  of  these  facts  it  may  well  be  asked  what  is  the  value 
of  the  forests?  Why  not  let  them  be  burned  and  turned  into 
pasture  lands,  as  has  happened  to  the  eastern  Cordillera.  A 
sufficient  answer  to  this  question  is  given  in  the  discussion  of 
the  water  powers  of  the  Cordillera.  There  it  is  shown  that 
the  effect  of  the  forests  in  r^ulating  the  flow  of  the  rivers  is 
equivalent  to  the  conservation  of  1,700,000  horsq>ower,  which, 
in  view  of  the  industrial  future  which  the  region  will  have,  may 
be  capitalized  at  $170,000,000  gold.    If  any  one  is  inclined  to 
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f  consider  this  proposition  hypothetical,  as  some  may  who  think 

j  only  of  the  profit  of  the  immediate  present,  let  him  consider  the 

future  of  the  valley  of  the  Rio  N^o,  where  the  Government 
is  spending  many  millions  in  irrigation  works  and  where  lands 
under  irrigation  are  valued  at  more  than  200  pesos  paper  per 
hectare.  That  development  is  founded  on  the  waters  of  the 
river,  and  it  shoidd  be  r^nembered  that  the  beneficent  river  flows 
from  the  forests.  Destroy  the  forests  and  the  benefactor  will 
become  the  destroyer  of  farms  and  commimities.  Europe  and 
Asia  are  full  of  illustrations  whose  warnings  shoidd  be  heeded. 

The  control  which  the  forests  exert  on  the  rivers  is  worth 
many  hundred  millions  in  water  power  and  lands.  The  Govem- 
ment  will  fail  gravely  in  its  duty  to  the  nation  if  it  does  not  main- 
tain that  control. 

If  this  conclusion  is  accepted — and  no  well-informed  man 
can  escape  it — ^it  follows  that  the  forests  must  remain  Govem- 
ment  property  and  must  be  managed  first  with  reference  to  the 
conservation  of  the  waters  rather  than  for  the  purpose  of  exploit- 
ing the  timber.  Nevertheless,  the  cost  of  conservation  should 
be  kept  within  reasonable  limits,  and  as  soon  as  possible  any 
expense  which  conservation  may  occasion  shoidd  be  converted 
into  a  revenue  by  the  sale  of  forest  products.  These,  then,  are 
the  principal  problems  of  forest  administration  in  the  Andes: 

(i)  To  protect  the  ^dsting  forests  against  further  destruc- 
tion by  fire. 

(2)  To  investigate  and  determine  the  best  methods  of  grad- 
ually exploiting  the  existing  timber  for  such  uses  as  may  develc^ 
for  it  with  the  growth  of  population  and  industries. 

(3)  To  determine,  by  careful  and  well-directed  experiments 
in  reforestation,  what  species  of  trees,  more  generally  useful 
than  the  beeches,  may  advantageously  be  made  to  grow  in  the 
soil  and  climate  of  the  Cordillera. 
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Fire  protection  is  the  first  need,  and  it  is  an  urgent  need. 
There  is  absolute  truth  in  the  paraphrase  that  Buenos  Aires 
fiddles  while  the  Cordillera  biuns.  The  moneys  appropriated 
to  fight  fire  in  the  Andes  are  insignificant.  The  men  sent  out 
to  direct  the  fire  control  are,  with  rare  exceptions,  inexperienced 
and,  with  such  means  as  they  have,  practically  helpless.  If  the 
forests  are  to  be  preserved  the  situation  must  be  met  by  train- 
ing and  organizing  an  effective  force  xmder  a  well-conceived  plan, 
with  an  adequate  and  definite  appropriation. 

If  the  fire  protection  is  assured  the  exploitation  of  the  exist- 
ing forests  wiU  not  be  urgent.  The  Government  can  afford  to 
await  the  development  of  popiiladon  and  industries  which  will 
give  the  lumber  and  other  wood  products  a  higher  value.  There 
will  be  an  idtimate  gain.  But  in  the  meantime  a  wise  forest 
policy  wiU  dictate  a  thorough  investigation  of  the  uses  to  which 
the  products  of  the  forest  may  be  put  in  all  the  industries  that 
utilize  natural  woods  or  manufacture  artificial  woods  or  chem- 
icals derived  from  woods.  The  brief  description  already  given 
of  the  conditions  of  exploitation  shows  that  the  woods  are  largely 
of  such  a  character  that  they  must  be  worked  up  as  nearly  as 
possible  where  the  tree  grows,  in  order  to  reduce  the  cost  of  trans- 
portation and  concentrate  it  on  the  more  valuable  product. 
Thus,  next  to  the  fire  brigade,  the  forestry  service  needs  special* 
ists  in  the  manufacture  of  wood  products. 

These  are  the  immediate  problems,  but  with  them  shoidd 
be  begun  the  practice  of  scientific  forestry,  under  specialists 
who  wiH  bring  to  their  duties  the  experience,  training,  and  judg- 
ment with  which  to  determine  how  reforestation  shall  be  carried 
on  in  order  to  secure  the  highest  usefulness  and  largest  returns 
from  the  forests  that  wiH  succeed  those  now  existing.  The  forest- 
ers need  to  be  judicious,  well-trained,  far-sighted  men,  for  the 
harvest  of  their  planting  is  to  be  gathered  by  the  next  generation. 
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In  the  year  1785  there  was  planted  in  a  certain  mountain  district 
in  Germany  a  forest  of  pines,  which  was  destined  to  be  felled, 
and  was  being  felled  in  accordance  with  the  original  plan,  in  the 
year  when  Argentina  celebrated  her  centenary — 19 10.  The 
period  was  unusually  long — ^from  twenty  to  thirty  years  is  the 
average  life  of  the  cultivated  forest — ^but  the  example  of  definite, 
steadfast  purpose,  having  for  its  object  the  advantage  to  be 
returned  to  the  State  after  the  third  generation,  is  one  worthy 
of  patriotic  emulation. 

The  principal  value  of  the  Cordilleran  forests  lies  in  their  ca- 
pacity for  reproduction  as  greater  forests,  of  the  same  or  of  other 
species,  which  shall  be  a  permanent  source  of  wealth  to  the 
nation. 

Water  Powers  of  the  Cordillera 

The  energy  of  falling  water  which  may  be  transformed  into 
electro-motive  power  is  the  most  valuable  resource  of  the  Cor- 
dillera and  the  one  which  will  determine  its  future  industries. 
As  the  rainfall  is  heavy,  the  streams  volmninous,  and  the  amount 
of  fall  large,  the  total  energy  produced  by  the  falling  water  is 
great.  The  natural  conditions  are  favorable  for  the  storage  of 
the  waters  and  the  utilization  of  the  power  under  fairly  constant 
conditions.  In  any  country  capable  of  supporting  a  manufac- 
turing population,  power  of  this  magnitude  would  be  an  im- 
portant item  in  the  national  assets.  In  Argentina  it  is  es- 
pecially valuable  because  the  country  has  no  fuel — ^neither  coal, 
oil,  nor  wood  existing  in  sufficient  quantity  to  form  the  basis  of 
a  manufacturing  industry.  Neither  has  it  notable  water  powers 
widely  distributed  throughout  the  provinces.  Argentina  there- 
fore is  at  present  entirely  dependent  on  foreign  manufactures, 
and  she  must  continue  dependent  imless  she  can  develop  hydro- 
electric powers  of  sufficient  magnitude  to  justify  the  establish- 
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ment  of  manufacturing  interests.  It  is  not  difficult  to  enumerate 
the  possible  sites  for  such  development.  They  are  the  great 
falls  of  Igaaz&j  mightier  than  Niagara  but  situated  in  a  semi- 
tropical  climate;  the  limited  powers  of  the  sierras  of  C6rdobay 
Tucum&n,  and  Mendoza,  which  can  have  but  local  significance; 
and  the  great  group  of  water  powers  which  may  be  utilized  in 
the  temperate  section  of  the  Andes,  in  Neuqudn,  Rio  Negro, 
and  Chubuty  where  the  climatic  conditions  and  the  abundance 
of  raw  materials  favor  the  establishment  of  a  large  manufacturing 
population. 

In  order  to  arrive  at  any  accurate  estimate  of  the  amount 
of  power  which  is  produced  by  the  falling  waters  in  the  Cordillera, 
we  require  long-continued  measurements  of  the  volumes  of  the 
streams,  which  have  not  been  made;  and  to  determine  what 
part  of  that  total  volume  may  be  utilized  under  economic  re- 
strictions we  need  complete  engineering  studies,  which  have 
only  been  b^gun;  but  a  rough  general  estimate  may  be  ventured 
with  the  data  in  hand,  and  the  conclusion  will  at  least  indicate 
the  d^ee  of  magnitude  of  the  power  available. 

Referring  the  technical  critic  to  the  data  detailed  below  in 
smaller  type,  we  may  sum  up  the  conclusion  and  discuss  it  in 
general  terms.  The  estimated  probable  available  energy  which 
may  be  derived  from  the  waters  that  fall  in  32,000  square 
kilometers  of  the  Cordillera  is  2,126,660  horsepower.  In  calculat- 
ing the  total  the  primary  and  secondary  minimum  flows  and  the 
power  with  storage  or  conservation  have  been  distinguished. 
Various  percentages  have  been  assumed  according  to  the  natural 
conditions  of  different  zones,  and  the  proportion  of  power  de- 
rived from  each  zone  varies  accordingly  from  14  to  58  per  cent 
of  the  theoretical  energy  generated  by  the  waters  of  the  corre- 
sponding zone. 

Two  factors  which  raise  the  estimated  power  to  the  high 
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figure  of  two  millions  must  be  distinctly  recognized.  One  is 
the  effect  of  the  forests  in  regulating  the  flow  of  the  waters.  Did 
the  forests  not  cover  the  mountain  slopes  and  valleys  above  the 
lakes,  the  minimum  primary  and  secondary  flows  which  might 
be  used  without  conservation  woidd  be  reduced  to  less  than  half 
of  the  estimated  percentages,  and  the  amount  of  water  wasted 
woidd  be  increased  to  floods  utterly  beyond  control.  The  fac- 
tors used  in  calculating  the  available  energy  of  the  fall  from  the 
hi^est  zone,  which  give  but  14  per  cent  of  the  theoretical,  would 
then  apply  fairly  to  the  entire  Cordillera.  The  total  available 
power  woidd  be  estimated  to  be  about  300,000  horsq>ower 
instead  of  over  2,000,000  horsqwwer.  In  other  words,  the  value 
of  the  service  of  the  forests  in  regulating  the  flow  may  be  ex- 
pressed as  equivalent  to  1,700,000  available  horsepower,  having 
a  potential  capital  value  of  $100  gold  per  horsepower.  This 
takes  no  account  of  the  value  of  r^;ularization  for  irrigation  nor 
of  the  prevention  of  damage  by  floods. 

The  forests  are  being  wantonly  bumed. 

The  other  factor  of  prime  importance  is  the  ^dstence  of 
large  lake  basins  on  nearly  all  of  the  principal  streams  of  the 
Cordillera.  So  long  as  the  mountains  are  forested  the  lakes 
will  serve  as  capacious  storage  reservoirs  which  will  make  it 
possible  to  carry  the  conservation  of  the  excess  waters  to  an 
xmusually  high  degree  of  completeness.  Thus  if  Lago  Nahud 
Huapf  is  so  dammed  that  the  waters  in  the  basin  may  rise  and 
fall  7  meters  above  and  below  a  mean  level,  or  may  fluctuate 
14  meters  in  all,  all  the  excess  of  waters  over  and  above  an 
average  imiform  discharge  may  be  retained.* 

By  utilizing  the  upper  lakes  of  the  system  the  fluctuations 
of  level  in  Nahud  Huapf  may  be  greatly  reduced,  but  without 

*  According  to  a  mass  diagram  prepared  by  the  Direcci6n  de  Irrigaci6n,  for  the 
period  from  1904  to  19x3.  The  corresponding  mean  constant  discharge  would  be  176 
cubic  meters  (0.14  acre-foot),  per  second. 
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discussing  that  feature  the  instance  suffices  to  show  to  what 
degree  the  flow  of  the  waters  may  be  controlled.  This  fact 
justifies  the  estimate  of  the  available  power  which  may  be  de- 
rived from  the  water  flowing  from  the  lakes  at  the  high  propor- 
tion of  58  per  cent  of  the  theoretical.  If  there  should  be  no 
conservation  of  those  waters  more  than  650,000  horsq>ower 
woidd  be  lost. 

The  importance  of  conservation  of  the  waters  may  be  brought 
out  by  comparison  with  another  region.  The  Puget  Sound  dis- 
trict in  the  State  of  Washington  closely  resembles  the  Andean 
district  in  hei^t  of  mountains,  topographic  features,  density  of 
forests,  and  amount  of  precipitation.  The  conditions  for  stor- 
ing waters  in  the  Puget  Sound  region  are  very  inferior  to  those 
of  the  Andes,  there  being  in  the  former  area  no  large  lakes, 
whereas  in  the  latter  they  are  numerous.  The  available  water 
power  of  the  rivers  flowing  into  Puget  Sound  has  been  estimated* 
and,  using  the  published  data,  we  may  make  the  following 
comparison: 


Paget  Sound. 

SUteofWash. 

ingum 

Andes  of  Rio 
Negio.ctc 

Area  in  square  mUes,  including  the  slopes  beyond  the 
mountains  to  the  base  of  the  fall  as  calculated 

Available  horsepower  per  square  mile  without  storage 
in  lake  basins r ....,  x ...  r ...... . 

14,300 
97 

16,000 
133 

Effect  of  the  storage  capacity  of  the  Andean  lakes  es- 
timated at  651,600  horsepower,  or,  per  square  mile. 

Available  horsepower  per  square  mile  in  the  Andes 
with  complete  utilization  of  the  storage  basins  and 
conservation  of  the  forests  essential  thereto 

In  order  to  indicate  the  significance  of  the  figures  which 
express   the   probable   amounts   of   theoretical  and  available 

*  Report  of  the  National  Conservation  Commiasion  (U.  S.  A.),  Vol.  II,  p.  169, 1909. 
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horsepower  under  consideration,  we  may  make  a  comparison 
with  the  greatest  single  fall  which  is  being  harnessed — ^Niagara. 

The  total  energy  developed  by  the  falls  of  Niagara  is  esti- 
mated to  be  5,800,000  horsepower,*  or  5,948,000  metric  horse- 
power.f  The  corresponding  total  energy  estimated  for  this  An- 
dean district  is  6,824,000  metric  horsepower.  The  available 
energy  which  may  be  derived  from  Niagara  Falls  under  practical 
conditions,  not  including  the  esthetic  consideration  of  the  scenic 
value  of  the  falls,  is  2,765,000  horsepower,^  or  2,835,000  metric 
horsepower.  The  corresponding  amount  of  available  energy  esti- 
mated for  this  Andean  district  is  2,126,660  metric  horsepower. 
The  ratio  of  estimated  available  to  theoretical  power  is,  at  Ni- 
agara 47  per  cent,  in  the  Andes  only  33  per  cent. 

The  details  of  the  estimates  on  which  the  preceding  general 
statements  are  based  follow: 

ESTIMATE  OF  THE  AVAILABLE  WATER  POWER 

We  may  proceed  first  to  estimate  the  total  energy  of  falling  water 
in  the  Cordillera  by  taking  into  account  the  amoimt  of  rain  and  snow, 
the  area  upon  which  it  falls,  and  the  proportion  which  runs  off  in  the 
streams.  The  product  of  the  area  multiplied  by  the  depth  of  the 
precipitation  will  give  the  total  volume  of  water,  and  this  product 
reduced  to  the  proportion  which  runs  off  will  give  the  total  volume 
of  the  streams. 

This  apparently  simple  procedure  is  complicated  by  the  fact  that 
the  rainfaJl  is  by  no  means  uniform  in  different  areas,  and  conse- 
quently the  volumes  of  water  which  fall  from  greater  or  lesser  heights 
cannot  be  estimated,  even  approximately,  without  taking  account  of 
the  differences  of  elevation  and  the  corresponding  areas.  We  may, 
however,  divide  the  Cordillera  into  three  distinct  zones,  which  differ 

*  Ldghton,  M.  0.,  in  Report  of  the  National  Conservation  Commission,  Vol.  n, 
p.  i68, 1909. 

t  One  metric  horsepower  equals  0.975  EngHsh  horsepower. 

t  Water  powers  of  Canada:  Report  of  the  Canadian  Conservation  Commissiony 
p.  96, 19XX. 
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in  elevation  and  also  in  the  amount  of  precipitation  that  falls  on  each. 
The  highest  zone  is  that  which  lies  above  timber  line — ^that  is,  higher 
than  1,500  meters  above  sea.  It  is  characterized  by  generally  heavy 
precipitation,  largely  in  the  form  of  snow,  and  by  great  fluctuations 
in  the  volume  of  the  streams  corresponding  with  the  heavy  storms 
and  the  melting  of  the  snow.  The  second  zone  is  that  of  the  forest- 
covered  slopes  descending  from  1,500  meters  to  the  general  level  of 
the  great  lakes  that  occupy  the  larger  valle3rs;  this  level  we  asstune 
to  be  about  700  meters  above  sea.  The  characteristics  of  the  second 
zone  are  abimdant  rainfall  with  considerable  snowfall  and  a  more 
constant  flow  in  the  streams  than  that  from  the  higher  zone  because 
of  the  regulating  effect  of  the  forests.  The  third  zone  is  that  of  the 
lower  valle)rs.  It  lies  below  the  level  of  the  lakes — that  is,  below  700 
meters  above  sea — and  extends  down  to  the  lower  limit  of  the  fall 
in  the  rivers  which  we  may  consider  available  for  the  development 
of  power  in  the  Argentine  Cordillera.  We  take  this  limit  at  an 
average  elevation  of  500  meters  above  sea,  thus  including  the  sec- 
tions of  the  Atlantic  tributaries  east  of  the  Cordillera  to  the  points 
where  they  fall  to  500  meters.  The  fall  beyond  and  below  that  level 
is  not  considered  in  this  estimate.  The  base  of  500  meters  above 
sea  is  accepted  as  that  which  represents  approximately  the  limit  of 
utility  of  the  rivers  that  flow  through  Chile  to  the  Padfic,  although 
they  actually  fall  much  lower  in  Ai^entine  territory.  The  assumption 
of  this  lowest  limit  is  thus  well  within  the  facts. 

The  areas  of  the  several  zones  on  which  the  waters  gather  are  in 
roimd  numbers,  for  the  highest  zone,  6,000  square  kilometers;  the  for- 
ested or  intermediate  zone,  20,000  square  kilometers;  and  the  lowest 
zone,  6,000  square  kilometers.  The  total  area  of  precipitation  is 
32,000  square  kilometers  (12,350  square  miles). 

Observations  for  rainfall  in  the  Cordillera  have  been  carried  on 
at  San  Martin,  Bariloche,  and  other  points  in  the  eastern  part  of  the 
moimtain  region,  where  the  precipitation  is  very  much  less  than  it 
is  in  the  higher  moimtains.  The  results  are  given  in  the  meteorologi- 
cal report  and  will  be  seen  to  vary  from  900  or  less  up  to  1,800  milli- 
meters per  anntmi.  To  arrive  at  an  estimate  of  the  average  pre- 
cipitation over  the  Cordillera  in  general  we  may  take  the  available 
data  of  the  run-off  of  the  Limay  and  calculate  the  depth  of  precipita- 
tion which  would  furnish  that  amoimt  of  water  from  the  correspond- 
ing drainage  basin.  The  average  flow  of  the  Limay,  as  determined 
by  the  Direcddn  de  Irrigaddn  by  means  of  a  carefully  constructed 
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mass  diagram  covering  the  period  of  nine  years  from  1904  to  1912, 
inclusive,  was  176  cubic  meters  per  second.  This  is  equivalent  to 
5,544,000,000  cubic  meters  per  anntmi.  To  obtain  the  entire  pre- 
cipitation we  must  add  to  this  an  amoimt  estimated  to  be  that  which 
evaporated.  The  proportion  varies  imder  different  ph3rsical  condi- 
tions. The  larger  the  proportion  assigned  to  evaporation  the  heavier 
will  be  the  estimated  precipitation.  To  be  conservative  we  may  as- 
sume evaporation  at  the  ratio  of  50  per  cent  of  the  precipitation, 
and  thus  consider  the  5,544,000,000  cubic  meters  as  equal  to  the 
other  50  per  cent.  The  high  humidity,  moderate  temperature,  and 
mountainous  character  of  the  region  make  this  ratio  reasonable.  The 
total  precipitation  is  then  11,088,000,000  cubic  meters.  The  area  of 
the  drainage  basin  is  4,054  square  kilometers,  or  4,054,000,000  square 
meters.  Dividing  the  volume  by  the  area  we  have  an  average  pre- 
cipitation of  2.7  meters.  Taking  account  of  the  local  climatic  con- 
ditions, which  are  affected  by  the  proximity  of  the  snow-covered 
peak  El  Tronador  and  by  the  fact  that  the  head  of  the  lake  is  a  district 
of  more  than  commonly  frequent  rains,  we  may  regard  this  estimate 
as  higher  than  we  should  use  for  the  region  in  general.  We  shall  not, 
however,  overestimate  the  precipitation  in  the  three  zones  already 
distinguished  if  we  assume  that  it  is  equal  to  this  average  of  2.7 
meters  on  the  highest  zone,  1.8  meters  on  the  intermediate  zone,  and 
1.2  meters  on  the  lowest  zone.  These  figures  amoimt  to  the  asstmip- 
tion  that  the  average  rainfall  throughout  the  Cordillera  is  but  two- 
thirds  the  average  in  the  basin  of  Lago  Nahud  Huapf.  They  take 
into  account  the  fact  that  the  precipitation  on  the  eastern  zone  of  the 
Cordillera  is  less  than  on  the  western,  and  they  are  well  within  the 
range  of  the  average  precipitation. 

In  reversing  the  previous  calculation  to  estimate  the  run-off  from 
the  different  zones  as  a  proportion  of  the  precipitation,  it  is  desirable 
to  take  account  of  the  differences  of  physical  conditions  according 
to  which  it  may  vary  from  10  per  cent  to  80  per  cent  of  the  total. 
The  run-off  is  a  large  proportion  in  the  high  zone — ^probably  as  much  as 
60  per  cent,  for  the  slopes  are  steep,  the  ground  is  frozen  during  sev- 
eral months  of  the  year,  and  a  laige  part  of  the  discharge  is  derived 
from  melting  snow.  In  the  forested  zone  it  is  probably  40  per  cent, 
notably  less  than  above  timber  line,  because  the  lower  ^opes  are  gen- 
tler, the  ground  more  absorbent,  and  the  amount  of  moisture  trans- 
pired by  the  trees  considerable.  In  the  lower  zone,  where  the  slopes 
are  comparatively  flat  and  the  vegetation  dense,  the  run-off  may  be 
as  little  as  30  per  cent  of  the  precipitation. 
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Using  the  factors  thus  suggested  and  bearing  in  mind  that  a  square 
kilometer  is  1,000,000  square  meters,  we  may  estimate  the  volumes 
of  water  which  flow  annually  from  the  differeut  zones  as  follows: 

For  the  high  zone  the  annual  volume  is  estimated  to  be  equivalent 
to  60  per  cent  of  2.7  meters  times  6,000,000,000  sqiiare  meters,  or 
9,720,000,000  cubic  meters. 

For  the  intermediate  zone  the  annual  volume  is  estimated  to  be 
equivalent  to  40  per  cent  of  1.8  meters  times  20,000,000,000  square 
meters,  or  14,400,000,000  cubic  meters. 

For  the  lower  zone  the  annual  volume  is  estimated  to  be  30  per 
cent  of  1.2  meters  times  6,000,000,000  square  meters,  or  2,160,000,000 
cubic  meters. 

The  energy  which  is  generated  by  these  volumes  of  water  in  falling 
from  the  zones  in  which  they  acciunulate  may  be  expressed  in  metric 
horsepower  by  calculating  in  cubic  meters  the  amount  of  water  which 
falls  per  second,  multiplying  that  figure  by  the  average  fall  in  meters 
corresponding  to  the  particular  zone,  and  dividing  the  product  by 
75.    The  result  gives  imits  of  1,000  metric  horsepower  each. 

The  average  falls  of  the  different  zones  are  assumed  to  be: 

(i)  From  the  highest  through  the  intermediate  zone  to  the  level 
of  the  lakes — i.e.,  from  1,500  to  700  or  800  meters.  (The  fall  in  the 
high  zone  itself  is  not  considered.) 

(2)  The  fall  of  the  waters  which  gather  in  the  intermediate  zone 
is  taken  to  be  on  the  average  30  per  cent  of  the  differences  of  eleva- 
tion corresponding  to  the  zone,  or  240  meters — £.«.,  the  effect  is  the 
same  as  if  all  the  water  gathered  at  940  meters  above  sea  and  fell  to 
700  meters. 

(3)  All  the  run-off  from  the  two  upper  zones  falls  through  the 
lower  zone — i.e.,  from  700  to  500  meters  above  the  sea,  or  200  meters. 

(4)  The  waters  which  gather  from  precipitation  in  the  lower  zone 
are  assmned  to  have  an  average  fall  of  0.4  of  the  total  200  meters,  or 
80  meters. 

Using  these  data  of  volumes  and  falls  to  calculate  the  total  energy 
of  water  falling  in  and  from  the  32,000  square  kilometers  of  the  Cor- 
dillera, we  obtain  the  following  results  in  metric  horsepower: 

(i)  Energy  of  fall  from  1,500  to  700  meters 3,285,000 

(2)  Energy  of  fall  from  940  to  700  meters 1,462,000 

(3)  Energy  of  fall  from  700  to  500  meters 2,004,000 

(4)  Energy  of  fall  from  580  to  500  meters 73)00o 

Total  theoretical  energy  of  f  allin 6,824,000 
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The  calculation  of  6,800,000  horsepower  is  a  conservative  esti- 
mate of  the  total  energy  developed  by  the  falling  waters.  It  is,  how- 
ever, much  more  than  can  ever«be  made  available  for  use.  We  can 
only  use  that  which  we  can  bring  imder  control — a  relatively  small 
quantity.  A  larger  proportion  escapes  us.  In  using  the  energy  we 
are  limited  not  only  to  what  is  possible,  but  even  more  narrowly — to 
what  may  be  profitable. 

In  estimating  the  useful  horsepower  which  may  be  derived  from 
the  theoretical  amoimt  of  6,824,000  it  is  necessary  to  consider  the 
fluctuations  of  flow  in  the  streams  and  also  the  feasibility  of  bringing 
the  power  imder  control  at  a  reasonable  cost.  The  former  depends  on 
natural  conditions  and  is  a  natural  factor;  the  latter  is  determined  by 
artificial  conditions  and  is  the  economic  factor.  We  may  consider 
these  two  factors  separately. 

In  industrial  development  it  is  important  to  have  reliable,  steady 
power  at  disposal,  but  streams  vary  in  volmne  and  consequently  in 
power  above  a  certain  minimum  flow  for  each  stream.  That  minimmn 
flow  corresponds  to  a  minimum  of  primary  power  which  will  always 
be  available.  The  primary  power  is  usually  exceeded  during  many 
months  of  the  year,  when  the  stream  flows  with  a  larger  volmne,  and 
the  excess  may  be  made  useful  if  the  indtistries  can  adjust  their  larger 
production  to  the  period  when  it  is  available.  The  minimum  excess 
over  the  primary  power  for  the  better  period  of  six  months  or  more 
of  the  year  is  the  secondary  power.  When  both  the  primary  and 
secondary  powers  are  in  use  there  still  remains  a  notable  amount  of 
energy  corresponding  to  the  fall  of  the  volmne  of  water  which  flows 
in  excess  of  the  minima.  It  can  be  utilized  if  the  excess  volume  can 
be  stored  in  a  reservoir  and  released  as  wanted  to  make  up  the  de- 
ficiency at  times  of  less  than  the  average  flow.  Its  use  depends  upon 
the  conservation  of  the  otherwise  wasted  waters,  and  it  may  be 
termed  the  conserved  power. 

As  thus  defined  the  primary,  secondary,  and  conserved  powers 
represent  all  the  energy  that  the  stream  or  group  of  streams  will  yield. 
If  the  conservation  is  complete,  so  that  no  water  is  wasted,  and  if 
all  the  fall  is  used,  the  three  powers  correspond  to  100  per  cent  of  the 
energy.  This  is  rarely  if  ever  practicable,  even  when  the  conditions 
for  storing  surplus  waters  and  utiUzing  the  fall  are  exceptionally 
favorable. 

Leaving  out  of  consideraticHi  the  snow-fed  mountain  torrents, 
which  go  dry  or  nearly  so  for  many  months,  we  find  by  inspection 
of  the  available  records  in  the  Ofidna  Meteorol6gica  and  its  publica- 
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tions  that  the  minimum  flow  of  the  larger  Cordilleran  streams  varies 
from  ID  per  cent  to  35  per  cent  of  the  mean  flow;  the  excess  of  the 
minimum  for  the  best  six  months*  over  the  absolute  mininiiim  is 
equivalent  to  20  to  40  per  cent  of  the  mean  flow,  or,  expressed  in  terms 
for  the  year,  it  is  10  to  20  per  cent.  The  proportion  of  the  surplus 
flow  which  it  may  be  possible  to  conserve  varies  with  the  topographic 
condition  of  each  drainage  basin  from  practically  nothing  to  complete 
conservation.  These  percentage  ratios  of  the  primary,  secondary,  and 
conserved  power  to  the  mean  are  the  natural  factors  which  limit  the 
amoxmt  of  useful  energy  that  may  be  derived  from  the  theoretical. 
There  is  also  the  economic  factor. 

The  economic  factor  is  one  which  represents  the  proportion  of 
the  energy  that  can  be  profitably  used.  It  varies  with  the  value  of  a 
unit  of  power.  It  is  very  small  in  an  imsettled  coxmtry  and  increases 
to  a  maximum  proportion  limited  only  by  natural  conditions  as  the 
demand  for  power  grows. 

The  maximum  which  may  with  reasonable  probability  be  ex- 
ploited is  the  percentage  to  be  taken  accoxmt  of  in  estimating  the 
total  available  power,  and  according  to  the  writer's  observaticHi  of 
the  natiu^  conditions  in  the  Cordillera  it  may  be  assumed  to  range 
from  30  to  80  per  cent  of  the  amoimt  represented  by  the  primary, 
secondary,  and  conserved  powers. 

Applying  the  natural  and  economic  factors  to  the  theoretical 
amoxmts  of  energy  that  have  been  calculated  for  the  different  zones 
according  to  the  natural  conditions  affecting  each  zone,  we  have: 

M.H.P. 

(i)  Total  theoretical  energy  of  fall  from  1,500  to  700  meters  is 3,285,000 

Primary  power,  10  per  cent  of  the  mean  flow  X  economic 

factor  of  30  per  cent  equals  3  per  cent  of  total 9^,550 

Secondary  power,  20  per  cent  of  mean  flow  X  economic  factor 
of  30  per  cent  equals  6  per  cent  of  total  for  six  months  only, 

or  3  per  cent  for  the  year 93,55o 

Conserved  power,  40  per  cent  of  mean  flow  X  economic  factor 
of  20  per  cent  equals  8  per  cent  of  total.  (This  is  equiv- 
alent to  assuming  that  one-half  of  the  waste  waters  of  one 
stream  in  every  five  may  be  conserved  in  storage  basins. 
The  loss  by  evaporation  from  storage  in  this  and  the  other 
cases  except  the  third,  is  regarded  as  included  in  the  pre- 
ceding assumption) 262,800 

Probable  available  energy 459»9oo 

equal  to  14  per  cent  of  the  theoretical  energy  of  the  fall  of  the  waters 
from  the  high  zone  through  the  intermediate  zone. 
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M.H.P. 

(2)  Total  theoretical  energy  of  fall  from  940  to  700  meters  is 1,462,000 

Primary  power,  20  per  cent  of  the  mean  flow  X  economic 

factor  of  40  per  cent  equals  8  per  cent  of  total 116,960 

Secondary  power,  40  per  cent  of  the  mean  flow  X  economic 
factor  of  40  per  cent  for  six  months  only,  or  8  per  cent  for 

the  year 116,960 

Conserved  power,  40  per  cent  of  mean  flow  X  economic  factor 
of  40  per  cent  equab  16  per  cent.  (This  is  equivalent  to 
assuming  that  two-thirds  of  the  waste  waters  of  two  streams 
in  every  five  may  be  conserved  in  storage  basins) 233,920 

Probable  available  energy 467,840 

equal  to  32  per  cent  of  the  theoretical  energy  of  the  fall  in  the  waters 
originating  in  the  intermediate  zone  and  falling  in  that  zone  to  the 
level  of  the  lakes. 

M.H.P. 

(3)  Total  theoretical  energy  of  fall  from  700  to  500  meters  is 2,004,000 

Primary  power,  20  per  cent  of  the  mean  flow  X  economic 

factor  of  50  per  cent  equab  10  per  cent  of  the  whole 200,400 

Secondary  power,  30  per  cent  of  the  total  flow  X  economic 
factor  of  80  per  cent  equals  24  per  cent  for  eight  months, 

or  16  per  cent  for  the  year 320,640 

Conserved  power,  50  per  cent  of  the  mean  flow  X  economic 
factor  of  80  per  cent  equals  40  per  cent  of  the  total.  (This 
is  equivalent  to  assuming  that  five-sixths  of  the  waste 
waters  of  four  streams  out  of  every  five  may  be  conserved  in 
the  lakes.  Deducting  furthermore,  150,000  M.  H.  P.  esti- 
mated as  lost  through  evaporation  in  storage) *.       651,600 

Probable  available  energy 1,172,640 

equal  to  58.5  per  cent  of  the  theoretical  energy  of  the  waters  falling 
from  the  high  zone  and  intermediate  zone  through  the  lower  zone 
to  the  assumed  base  of  the  fall  at  500  meters  above  sea. 

1C.H.P. 

(4)  Total  theoretical  energy  of  fall  from  580  to  500  meters 73>ooo 

Primary  power,  20  per  cent  of  the  mean  flow  X  economic 

factor  of  50  per  cent  equals  10  per  cent  of  the  total 7»30o 

Secondary  power,  40  per  cent  of  the  mean  flow  X  economic 
'  factor  of  50  per  cent  equals  20  per  cent  of  the  total  for 

six  months,  or  10  per  cent  for  the  year 7>3oo 

Conserved  power,  40  per  cent  of  the  flow  X  economic  factor 
of  40  per  cent  equals  16  per  cent  of  total.  (This  is  equiva- 
lent to  assuming  that  two-thirds  of  the  waste  waters  of 
two  streams  out  of  every  five  may  be  conserved  in  storage 
basins) 11,680 

Probable  available  energy 26,280 
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equal  to  36  per  cent  of  the  theoretical  energy  due  to  the  fall  of  the 
waters  originating  in  the  lower  zone  and  f allhig  to  the  assumed  base 
of  the  available  fall  at  500  meters  above  sea. 

From  the  preceding  estimates  it  follows  that  the  sum  available  of 
powers  that  probably  may  be  utilized  is: 

SuiocARY  OF  Probable  Available  Powers 

M.  H.  p. 

(i)  Available  energy  of  fall  1,500  to  700  meters 459i9oo 

(2)  Available  energy  of  fall  940  to  700  meters 467,840 

(3)  Available  energy  of  fall  700  to  500  meters 1,172,640 

(4)  Available  energy  of  fall  580  to  500  meters 26,280 

Total  estimated  available  energy 2,126,660 

equal  to  33.3  per  cent  of  the  total  theoretical  energy  of  the  falling 
water  of  the  Cordillera  within  the  assimied  areas  and  between  the 
assumed  vertical  limits. 

The  preceding  estimate  of  the  available  water  power  of  the 
Cordillera  makes  use  of  an  economic  factor  which  represents 
the  proportion  of  the  nm-oflf  that  may  be  applied  to  hydro- 
electric development  within  reasonable  costs  for  construction 
of  dams,  canals,  pipe  lines,  or  other  necessary  works.  This 
economic  factor  depends  directly  upon  natiural  conditions,  par- 
ticularly upon  topographic  conditions,  such  as  the  occurrence 
of  storage  basins  and  suitable  dam  sites.  It  is  a  large  factor 
where  the  natiural  f eatxures  are  favorable,  a  small  factor  where 
they  are  not.  In  the  preceding  estimate  it  ranges  from  20  to 
80  per  cent— that  is  to  say,  of  certain  theoretical  powers  only 
one  in  five  can  probably  be  utilized  with  profit,  whereas  of  cer- 
tain others,  differently  conditioned,  as  many  as  foxu:  out  of  five 
miay  eventually  be  utilized.  It  is  desirable  to  describe  briefly 
the  general  topographic  conditions  which  have  influenced  the 
writer  in  assigning  the  value  given  this  factor  in  the  different 
zones  considered. 

The  zone  higher  than  1,500  meters  above  sea  corresponds 
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with  the  summits  and  upper  slopes  of  the  Andes  in  this  re- 
gion. The  peaks  themselves  are  generally  angular  and  steep- 
sided,  but  from  their  immediate  bases,  descending  from  1,700  to 
1,500  meters  in  altitude,  there  is  in  many  places  a  much  gentler 
slope,  corresponding  to  valleys  and  ridges  of  an  older  t(^)Qgraphic 
phase  than  that  which  is  represented  by  the  deep  canyons. 
The  tendency  of  later  sculptiuing  of  the  mountains  has  been  to 
destroy  the  old  valleys.  Some  of  them  have  been  replaced  by 
the  deeper  canyons.  In  others  the  upper  drainage  basins  still 
survive,  but  little  modified,  and  constitute  the  high  valleys  and 
flats  of  the  alpine  pasture  zone,  in  portions  of  which  the  waters 
of  the  primary  and  secondary  minima  may  be  economically  di- 
verted. The  economic  factor  of  30  per  cent,  applied  to  the 
primary  and  secondary  flows,  represents  the  estimate  that  the 
conditions  for  utilizing  those  flows  will  be  found  favorable  in 
three  out  of  ten  of  these  high  valleys.  Similarly  the  economic 
factor  of  20  per  cent  means  that  probably  in  two  out  of  ten  of 
these  valleys,  or  the  equivalent,  storage  for  the  surplus  waters 
may  be  secured  with  economy. 

In  the  intermediate  zone,  between  1,500  and  700  meters 
above  sea,  each  canyon  generally  has  a  cross  section  shaped 
like  a  U,  steep  on  the  sides,  especially  high  up,  and  widely 
rounded  in  the  bottom.  While  it  is  true  that  this  form  gives 
a  lower  average  fall  for  the  waters  gathered  between  the  1,500 
and  700  meter  leveb  than  they  would  have  on  a  uniform  slope, 
it  favors  the  diversion  of  the  primary  and  secondary  flows  and 
justifies  the  use  of  a  higher  economic  factor,  say  40  per  cent,  or 
four  out  of  ten  streams.  Another  feature  of  this  zone  is  the 
fact  that  many  minor  streams  join  the  larger  ones  by  a  cascade, 
which  is  often  just  below  the  outlet  of  a  small  lake.  The  small 
streams  have  what  are  known  as  hanging  valleys.  This  drami- 
stance  is  advantageous  for  storage.    There  are  also  various 
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seemingly  accidental  peculiarities  of  streams  in  this  zone^  most 
of  which  in  fact  owe  their  occurrence  to  the  former  wider  extension 
of  glaciers  and  which  give  rise  to  favorable  conditions  for  secur- 
ing power  economically.  The  economic  factor  affecting  con- 
served powers  for  this  zone  is  therefore  also  taken  at  40  per  cent. 

The  value  of  the  great  lake  basins,  at  an  average  altitude  of 
700  meters  at  the  head  of  the  fall  of  accumulated  waters,  has 
already  been  pointed  out  We  may  here  put  it  in  a  different 
way.  The  total  area  of  the  lakes  in  the  r^on  is  a  little  more 
than  1,400  square  kilometers.  The  total  amount  of  water  which 
annually  runs  off  from  the  moimtains  above  these  lakes  we  esti- 
mated at  24,120,000,000  cubic  meters.  Of  this  40  per  cent 
corresponds  to  the  primary  and  secondary  flows  (the  latter  being 
reduced  to  an  annual  proportion)  and  there  remains  an  excess 
of  14,472,000,000  cubic  meters  to  be  conserved  for  use  as  wanted. 
Now,  as  the  area  of  the  lakes  (1,400  square  kilometers)  corre- 
sponds to  1,400,000,000  square  meters,  we  see  that  if  the  waters 
could  accumulate  in  the  lakes  to  10  meters  above  the  low  stage 
of  the  minima,  practically  all  the  excess  for  a  year  could  be  stored. 
On  the  other  hand,  if  this  excess  were  divided  into  a  constant 
daily  flow  to  be  stored  every  day  and  to  be  as  r^ularly  discharged 
throughout  the  year,  the  level  of  the  lakes  would  vary  daily 
only  3  centimeters.  The  estimate  of  a  change  of  level  of  10 
meters  to  secure  complete  storage  without  discharging  any  of 
the  excess  and  that  of  3  centimeters  imder  uniform  daily  fluctua- 
tion are  both  impossible  extremes,  but  they  suffice  to  show  that 
conservation  of  a  very  large  proportion  of  the  excess  waters  is 
practicable  with  very  moderate  fluctuations  of  the  lake  levels. 
Hence  the  economic  factor  relating  to  the  flow  from  the  lakes 
is  taken  at  80  per  cent. 

A  natural  featxire  of  the  topography  which  further  affects 
the  economic  factor  is  the  occurrence  of  narrows  or  canyons 


Digitized  by 


Google 


WATER  POWERS  387 

that  interrupt  broad  valleys  below  the  lakes.  The  canyon 
usually  affords  a  favorable  opportunity  for  building  a  dam,  and 
the  valley  when  dammed  offers  additional  storage  capacity. 
This  feature  ocaurs  repeatedly  and  is  everywhere  due  to  the 
same  cause — the  former  extension  of  glaciers  down  the  valleys. 
Glaciers  descending  from  mountain  heights  followed  down  the 
canyons  and  valleys  until  they  came  to  an  end  at  the  limit  where 
the  melting  equaled  the  onward  movement  of  the  ice.  In  the 
history  of  the  Cordillera  it  has  happened  at  least  twice  that 
they  reached  a  limit  below  the  lakes.  During  the  earlier  advance 
they  extended  some  kilometers  beyond  the  position  at  which 
they  stopped  in  the  later  advance.  In  each  valley  the  glacier 
where  its  advance  ceased  built  a  ridge  of  gravely  a  moraine^  across 
the  valley^  forming  a  dam^  behind  which  the  waters  accumulated 
till  they  flowed  out  over  the  ridge  or  over  some  lower  point  in 
the  side  of  the  valley.  In  either  case  the  river  cut  a  new  chan- 
nel, which  is  much  narrower  than  the  old  valley.  Moraine 
ridges  and  narrows  of  the  later  glacial  epoch  occur  at  the  out- 
lets of  most  of  the  Andean  lakes,  and  in  many  valleys  the  similar 
features  of  the  earlier  glacial  advance  are  found  lower  down  the 
stream.  Th\is  many  of  the  streams  flow  through  two  canyons, 
one  on  issuing  from  the  lake,  the  other  some  kilometers  beyond, 
and  favorable  conditions  for  damming  them  may  be  looked  for 
at  one  or  both  places.  The  most  striking  instance  is  that  on 
the  Limay,  where  the  lower  narrows,  known  as  the  Segunda 
Angostura,  is  the  rocky  canyon  of  which  a  view  is  given  in  Plate 
XXXIV.  A  dam,  which  it  is  proposed  to  build  in  the  canyon, 
will  dam  the  river  back  to  the  level  of  Lago  Nahud  Huapf  and 
create  a  power  equivalent  to  50,000  available  metric  horsepower. 

It  is  not  proposed  in  this  volume  to  attempt  more  than  a 
brief  description  even  of  those  power  sites  which  have  been  sur- 
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veyed,  but  as  it  is  desirable  to  menticm  the  more  obviotis  ones 
in  order  to  give  some  idea  of  the  distribution  of  the  power  to  be 
obtained  in  the  more  immediately  practicable  projects,  we  may 
begin  at  the  north  and  proceeding  southward  enimierate  some 
of  the  more  striking  opportunities  from  San  Martin  de  los  Andes 
to  the  Colony  of  i6  de  Octubre. 

San  Martin  de  los  Andes  is  situated  at  the  eastern  end  of 
Lago  Lacar,  at  an  elevation  of  about  650  meters  in  the  upper 
part  of  the  plain  on  which  the  town  is  located,  or  about  9  meters 
above  the  level  of  the  lake.  North  of  San  Martin,  at  a  distance  of 
10  kilometers  in  an  air  line,  is  Lago  Lolog,  which  has  an  elevation 
of  900  meters.  The  difference  of  level  between  San  Martin  and 
Lago  Lolog  is  therefore  about  250  meters.  The  outlet  of  Lago 
Lolog  is  the  Rio  Quilquihu£,  a  tributary  of  the  Limay,  which 
in  its  eastward  course  flows  across  a  plain  from  which  its 
waters  may  be  diverted,  so  that  they  would  flow  in  an  appro- 
priate system  of  canals  and  pip)e-lines  to  San  Martin,  where  they 
would  have  an  effective  head  of  about  200  meters  or  more.  To 
accomplish  this  diversion  the  Quilquihu6  would  be  dammed  in 
the  narrows  about  6  kilometers  east  of  Lago  Lolog,  in  a  rock 
gorge  on  the  northern  side  of  the  valley.  According  to  pre- 
liminary surveys  the  height  of  the  dam  would  be  40  meters 
and  its  length  on  top  150  meters.  The  canal  leading  the  water 
from  this  dam  would  pass  aroimd  the  southem  side  of  the  valley 
of  the  Quilquihu£  and  then  cross  a  plain  to  the  V^a  de  Maipti 
in  the  valley  draining  to  Lago  Lacar;  thence  it  would  ccmtinue 
to  San  Martin,  being  interrupted  at  appropriate  points  by  pipe- 
lines which  would  make  use  of  the  local  fall  for  the  development 
of  power.  The  primary  power  which  may  be  derived  from  the 
project,  using  a  minimum  amoimt  of  water  of  5  cubic  meters  per 
second,  is  8,800  horsepower. 

A  different  development  of  the  power  to  be  obtained  by  con- 
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ducting  the  waters  of  Lago  Lolog  to  San  Martin  may  be  carried 
out  by  damming  Lago  Lolog  to  a  level  about  8  meters  above  its 
minimiini  by  a  dam  that  may  be  built  600  meters  east  of  the 
lake  in  a  canyon  cut  by  the  Rio  Quilquihui  through  the  last 
glacial  moraine.  A  canal  leading  from  the  lake  would  then 
extend  to  a  low  pass  in  the  ridge,  between  the  valley  of  the 
Quilquihui  and  the  western  end  of  the  Vega  de  Maipti,  where 
a  tunnel  500  meters  long  would  extend  to  the  southern  slope; 
thence  a  canal  and  pressure  pipe  would  conduct  the  water  to 
the  power-house  at  San  Martin.  The  available  primary  power 
with  minimum  flow  of  5  cubic  meters  per  second  is  estimated  at 
somewhat  over  9,000  metric  horsepower. 

It  is  probable  that  a  secondary  power  may  be  developed 
without  additional  cost  for  dams  or  canals,  and  that  for  eight 
months  of  the  year  it  would  at  least  be  equal  to  the  small  primary 
power  which  has  been  assumed.  These  two  powers,  which  dur- 
ing two-thirds  of  the  year  would  yield  18,000  horsepower,  would 
utilize  altogether  about  10  cubic  meters  per  second.  The  aver- 
age flow  of  Lago  Lolog,  as  given  by  the  records  of  the  Qfidna 
Meteorol6gica  for  the  years  from  1903  to  1907,  was  34  cubic 
meters  per  second.  There  is  thus  a  surplus,  of  which  a  suffi- 
cient proportion  might  readily  be  stored  to  maintain  a  con- 
tinuous power  equivalent  to  20,000  metric  horsepower  and  yet 
allow  the  use  of  more  than  half  the  average  flow  for  irrigation 
in  the  valley  of  the  Quilquihui,  Chimehutn,  or  Rio  Negro.  Com- 
plete conservation  of  the  waters  flowing  into  Lago  Lolog  would 
require  the  construction  of  a  higher  dam  at  one  of  the  sites  sug- 
gested. The  project  requires  more  thorough  study  for  its  com- 
plete development  than  has  yet  been  possible. 

The  market  for  the  power  thus  generated  would  be  f oimd  in 
San  Martin  and  the  adjacent  conmiunities  that  will  be  estab- 
lished on  the  Vega  de  Maipti.    These  are  points  on  the  north- 
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south  raflway  from  Lago  Nahuel  Huapf  to  a  junction  with  the 
system  of  the  Ferrocarril  Sud,  and  they  are  situated  in  the  locality 
where  a  line  will  branch  off  westward  to  extend  communication 
down  the  outlet  of  Lago  Lacar  to  Chile.  The  locality  will  de- 
velop as  a  center  of  traffic  and  may  readily  become  an  impor- 
tant manufacturing  district  in  the  northem  Andes. 

Other  powers  which  will  be  tributary  to  San  Martin  may 
be  derived  from  the  streams  flowing  into  Lago  Lacar.  The  low 
level  of  that  lake,  641  meters,  the  extent  of  the  tributary  drainage 
basin,  and  the  great  height  of  the  neighboring  ranges  make  it 
probable  that  large  power  projects,  among  which  that  of  Lago 
Queni  is  conspicuous,  may  be  developed,  but  the  facts  have  not 
yet  been  determined  by  any  adequate  study. 

The  drainage  basin  of  Lago  MeUquina,  including  Lago  Ma- 
chdnico  and  Lago  Hermoso,  contains  several  localities  suitable  for 
power  development,  of  which,  however,  we  have  examined  but 
one.  A  particularly  narrow  canyon  on  the  Rio  MeUquina,  a  short 
distance  above  the  lake,  attracted  attention  and  was  sxurveyed 
to  ascertain  what  the  conditions  of  power  development  might 
be.  It  was  found  that  a  dam  built  in  the  canyon  to  a  height 
of  30  meters  would  have  a  top  length  of  50  meters  and  would  form 
a  reservoir  having  a  superficial  area  of  7  square  kilometers.  The 
area  of  the  tributary  drainage  basin  is  about  125  square  kilometers 
and  the  precipitation  may  be  taken  at  2,200  millimeters  over  the 
entire  basin.  Allowing  a  run-off  of  50  per  cent,  the  flow  of  the 
stream  should  be  5  meters  per  second  for  the  year.  If  conducted 
in  a  pressure  pipe  to  a  distance  of  500  meters  to  an  appropri- 
ate site  on  the  MeUquina  River,  the  water  would  have  a  head  of 
45  meters  and  the  primary  power  would  be  about  3,000  metric 
horsepower. 

As  this  dam  site  Ues  below  the  basins  of  Lago  Mach6nico 
and  Lago  Hermoso,  the  opportunities  for  the  complete  storage 
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of  the  waters  are  good.  Other  power  sites  probably  occur  in  the 
basin  and  are  near  the  line  of  the  inter-Cordilleran  railway. 

The  casual  inspection  of  the  valley  of  the  Caleufu,  the  outlet 
of  Lago  Meliquina  and  of  the  tributary  lakes  from  Lago  Filo- 
huahuen  to  Lago  Villarinoi  shows  that  it  will  be  practicable  to 
develop  a  large  proportion  of  the  power  of  that  important  stream. 
The  powers  of  this  drainage  basin  are  nearer  to  the  branch  of 
the  inter-Cordilleran  railway  from  Lago  Nahuel  Huapf  to  San 
Martin  than  to  any  center  of  population  at  which  manufacturing 
may  be  developed;  they  could  therefore  be  apprc^riately  used 
in  the  electrification  of  that  line  in  combination  with  the  Meli- 
quina project. 

Lago  Traf ul  and  the  Rio  Trafid  constitute  a  system  which 
will  yield  30,000  metric  horsepower.  The  lake  has  an  area  of  70 
square  kilometers  and  a  drainage  basin  of  535  square  kilometers. 
If  the  average  precipitation  over  the  drainage  basin  is  taken  at 
2.4  meters  and  the  run-off  at  o.6  meter,  we  may  calculate  the  mean 
volume  of  the  stream  flowing  from  the  lake  at  34  cubic  meters 
per  second.  The  records  of  the  Ofidna  Meteoroldgica  for  the 
years  from  1903  to  1907  show  an  average  of  36  cubic  meters 
per  second.  There  is  reason  to  think  that  by  employing  the  data 
up  to  191 2  the  average  flow  would  be  reduced  to  30  meters, 
^^th  complete  storage  of  all  excess  waters  during  a  period  of 
ten  years,  the  maximum  fluctuation  of  the  level  of  the  lake  would 
probably  be  10  or  12  meters.  The  water  in  the  lake  at  a  low 
stage,  in  April,  1913,  stood  at  795.5  meters  above  the  sea.  The 
outlet  of  the  lake,  the  Rio  Traful,  flows  through  a  gravel  plain 
which  on  the  lake  shore  has  a  general  elevation  of  799  meters  and 
slopes  gently  away  from  the  lake  down  the  valley.  Two  kilo- 
meters east  of  the  lake  rocky  hills,  rising  in  the  plain,  narrow 
the  pass  in  which  the  river  flows  to  350  meters,  and  the  elevation 
of  the  plain  in  that  pass  is  between  794  and  795  meters.    A  dam 
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built  at  this  point  with  an  altitude  of  15  meters  would  certainly 
suffice  to  afford  complete  storage  for  all  the  excess  waters  of  the 
drainage  basin  including  those  of  the  Arroyo  Minero,  which  en- 
ters the  valley  just  above  the  dam  site.  The  maximum  altitude 
of  the  stored  waters  may  be  assumed  at  810  meters  above  sea."^ 
Soundings  in  the  plain  for  the  depth  to  bedrock  for  foundations 
of  the  dam  have  not  yet  been  made;  it  is  possible  that  the  depth 
may  be  such  as  to  materially  increase  the  cost  of  construction 
of  the  dam,  but  it  is  not  probable  that  the  rock  lies  below  the 
reach  of  reasonable  excavation  for  the  secure  installation  of 
the  f oimdations. 

The  Rio  Traf  ul  flows  in  a  canyon  9  kilometers  long  to  its  junc- 
tion with  the  Rio  limay,  which  it  enters  at  an  altitude  of  682 
meters.  If  the  lowest  level  of  the  lake  when  dammed  is  taken  at 
802  meters,  we  have  a  fall  of  120  meters  to  the  Limay,  and  with  a 
mean  discharge  of  30  cubic  meters  per  second  we  have  a  theo- 
retical energy  of  48,000  metric  horsepower,  which  should  give 
30,000  available  horsepower. 

The  Arroyo  Cuyin-Manzana,  a  tributary  of  the  Traful  on 
the  south,  enters  the  river  through  a  very  narrow  gorge  where 
it  would  be  practicable  to  install  a  dam  to  give  complete  control 
of  the  waters  of  the  stream.  The  drainage  basin  of  the  arroyo  lies 
in  the  eastern  heights  of  the  Cordillera,  receives  but  a  moderate 
amoimt  of  precipitation,  and  discharges  its  waters  very  irregu- 
larly. It  has  never  been  adequately  surveyed  to  obtain  data 
for  an  estimate  of  the  run-off  and  fluctuations,  but  it  is  apparent 
that  the  stream  will  afford  an  important  auxiliary  power,  the 
development  of  which,  however,  will  be  relatively  costly  on 
accoimt  of  the  height  of  the  dam  required  to  secure  adequate 
storage  in  the  narrow  valley  above  the  canyon. 

The  extensive  drainage  basin  of  Lago  Nahuel  Hiu^f  and  its 

*  The  data  for  the  preceding  statements  have  been  supplied  by  the  Diiecddn  de 
Irrigad6n. 
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tributary  lakes  presents  one  of  the  most  important  and  interest- 
ing problems  of  water  storage  and  conservation  of  power  in  all 
the  Argentine  Cordillera.  Lago  Nahuel  Hnapf  is  the  head  of 
the  Rio  limay,  the  principal  affluent  of  the  Rio  N^;ro.  The 
proposed  developments  of  irrigation  in  the  lower  valley  already 
exceed  the  available  waters  of  the  minimum  primary  flow  and 
will  eventually  utilize  all  of  the  conserved  flow.  For  this  reason 
alone  all  the  lakes  tributary  to  the  Limay,  including  not  only 
those  enumerated  in  this  paper  from  Huechulauf quen  to  Lago 
Nahuel  Huapf,  but  also  those  north  of  Huechulaufquen  as  far 
as  Lago  Alumin6,  will  be  utilized  as  storage  basins  for  complete 
conservation  of  the  waters.  The  development  of  the  principal 
powers  thus  far  described  will  follow  from  the  necessity  for 
water  storage  for  irrigation.  None  of  the  other  lakes,  how- 
ever,  approaches  Lago  Nahuel  Huapf  in  inunediate  importance. 
Its  outlet  is  the  principal  river.  Aroimd  its  shores  the  trans- 
continental railroad  will  pass.  At  its  eastem  end  is  the  site 
selected  for  the  future  industrial  city  which  is  destined  to  be 
the  center  of  manuf actiu-e  and  conmierce  in  the  southern  Andes. 
Lago  Nahuel  Huapf  is,  fiulhermore,  the  central  featiu-e  of  the 
great  National  Park,  which  is  to  be  developed  in  this  Andean 
region  because  of  the  value  attaching  to  the  scenic  beauty  and 
the  environment  of  the  lake  and  mountain  r^on,  as  elements 
which  will  vitally  affect  the  weU-being  and  culture  of  the 
Argentine  Nation.  The  economic  value  which  attaches  to  the 
scenic  attractions  is  one  of  the  principal  factors  to  be  con- 
sidered, and  no  exploitation,  even  of  the  water  powers,  which 
would  injure  that  beauty  or  affect  adversely  the  enjoyment  of 
the  National  Park  should  ever  be  permitted.  On  the  other 
hand  any  enterprise  which  may  enhance  the  attractions  of  the 
region  should,  for  that  reason,  be  favorably  considered. 

The  water  powers  that  may  be  exploited  in  the  drainage 
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basin  of  Lago  Nahuel  Huapf  belong  to  the  three  classes  which 
have  been  distinguished  in  the  general  estimate  of  the  water 
powers,  namely,  (i)  the  powers  to  be  derived  from  the  waters 
accumulating  in  the  zone  more  than  1,500  meters  above  sea 
and  falling  to  the  level  of  the  lakes  some  700  meters  below;  (2) 
those  powers  which  may  be  developed  by  the  waters  gathering 
on  the  forested  slopes  and  falling  to  the  lakes;  (3)  the  power 
due  to  the  limay,  which,  issiiing  from  Lago  Nahuel  Huapf  at  765 
meters  above  sea,  falls  rapidly  to  682  meters  at  its  junction  with 
Rio  Traful  and  thence  probably  more  gradually  to  the  con- 
fluence with  the  Neuqudn. 

We  may  say  that  the  water  powers  of  the  higher  zone  have 
not  been  examined.  In  several  exciursions  across  the  range  west 
of  Lago  Nahuel  Huapf  into  Oiile  and  in  explorations  of  the  region 
between  Lago  Nahuel  Huapf  and  El  Tronador,  the  writer  has 
observed  opportunities  which  are  worthy  of  study  with  a  view 
to  ascertaining  what  conserved  powers  may  be  made  available 
through  the  utilization  of  some  of  the  small  lakes  or  valle3rs  as 
storage  basins  at  high  altitudes.  The  same  statement  holds 
true  for  the  powers  which  may  be  brought  into  use  in  the  inter- 
mediate zone  above  the  lakes.  We  may  mention,  as  worthy  of 
investigation,  the  tributaries  of  Lago  Espejo;  the  drainage  basin 
and  outlet  of  Lago  Totoral;  the  two  rivers  which  flow  into  Lago 
Nahuel  Huapf  in  El  Rinc6n,  the  northwestern  arm  of  the  lake; 
Laguna  Larga  and  the  drainage  basin  of  which  it  forms  part;  the 
hanging  valleys  and  streams  about  the  Brazo  de  Puerto  Blest 
and  the  Golfo  de  la  Tristeza.  Each  one  of  these  is,  in  itself, 
probably  a  comparatively  small  power,  varying  possibly  from 
1,000  to  over  5,000  metric  horsepower.  In  the  aggregate  they 
may  contribute  a  considerable  amoimt  of  energy  to  the  total  for 
the  region.  In  order  to  determine  what  amoimt,  the  necessary 
surveys  should  be  carried  out  as  early  as  possible. 


Digitized  by 


Google 


WATER  POWERS  395 

Passing  to  the  consideration  of  the  power  to  be  developed 
at  the  outlet  of  Lago  Nahuel  Huapf,  we  may  place  in  contrast 
two  plans  which  illustrate  the  change  of  view  that  follows  even 
from  the  preliminary  studies  of  the  resources  of  the  Andes.  Since 
the  investigations  of  the  eminent  Jtalian  engineer  Cippoletti 
the  possibilities  of  irrigation  in  the  valley  of  Rio  N^;ro  have 
attracted  attention,  and,  following  out  the  plans  which  originated 
with  him,  the  Government  has  entertained  the  intention  of 
damming  the  various  lakes  of  the  drainage  basin  in  order  to 
regulate  the  flow  of  the  river.  Under  Don  Dedo  Severini,  a 
compatriot  of  Cippoletti,  the  studies  were  b^un  with  Lago 
Nahuel  Huapf  and  a  plan  was  worked  out  for  damming  the 
limay  inmiediatdy  below  the  outlet  of  the  lake.  The  effect  of 
the  proposed  dam,  located  in  the  narrows  known  as  the  Primera 
Angostura,  would  be  to  regulate  the  flow  of  the  waters,  but 
there  could  be  no  develc^ment  of  hydro-electric  power.  Indeed, 
no  such  development  was  then  thought  of,  because  the  Cor- 
dillera was  regarded  as  a  remote  and  inaccessible  r^on,  in  which 
water  power  could  not  have  any  value.  When,  however,  the 
railroads  projected  by  Ramos-Mezfa  and  the  studies  made  in 
piumiance  of  his  poUcy  showed  that  the  r^on  has  a  great  in- 
dustrial future  before  it,  the  plan  of  damming  the  river  in  the 
Primera  Angostura  was  recognized  as  inadequate  compared  with 
that  of  a  dam  in  the  second  narrows,  15  kilometers  farther 
downstream,  where  the  purpose  of  regulating  the  flow  of  the 
river  may  be  equally  weU  fiilfilled  and  50,000  available  horse- 
power may  at  the  same  time  be  secured.  The  second  project 
will  cost  more  than  the  first,  but  if  we  place  the  value  of  a  horse- 
power at  $100  gold,  which  is  below  the  average  in  the  United 
States  and  Eun^,  the  value  of  50,000  horsepower  is  $5,000,000 
gold.  This  is  much  more  than  the  dam  in  the  S^^unda  Angos- 
tura should  cost,  and  there  is  no  doubt  that  the  project  will  pay. 
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Surveys  for  the  dams  in  both  the  narrows  of  the  limay  below 
Lago  Nahuel  Huapf  have  been  made  by  the  engineers  Gilardi 
and  Bjerregaardy  of  the  Direcddn  de  Irrigaddni  and  detailed 
studies  of  the  relative  costs  of  the  two  projects  are  in  progress. 
Postponing  the  analysis  of  the  situation  until  those  studies  are 
complete,  we  may  briefly  describe  the  effect  of  the  development 
which  it  is  e^qpected  will  follow  from  the  construction  of  the 
dam  in  the  Segunda  Angostura.  Between  Lago  Nahuel  Huapf 
and  the  dam  site,  a  distance  of  15  kilometers  in  a  strai^t  line, 
the  river  Limay  falls  35  meters.  A  dam  which  would  hold  the 
waters  35  meters  above  the  river  at  the  dam  site  would  there- 
fore flood  the  valley  and  produce  a  new  lake  which  would  be 
confluent  with  Lago  Nahuel  Huapi.  In  the  outline  of  the  pro- 
ject this  lake  has  been  called  Lago  Limay.  On  the  southwestern 
shore  of  the  proposed  Lago  Limay  is  an  extensive  plain  which 
slopes  toward  the  lake  from  surrounding  hills  and  affords  an  ex- 
cellent site  for  an  industrial  city.  The  transcontinental  railroad 
must  pass  through  this  point  in  the  route  around  Lago  Nahuel 
Huapi  and  would  there  have  its  junction  with  the  railroad  line 
in  the  valley  of  the  Limay.  Fifteen  kilometers  from  this  geo- 
graphical center,  at  the  other  end  of  Lago  limay,  the  waters  of 
the  basin,  in  falling  to  the  river  channel  below  the  dam,  will 
generate  80,000  horsepower,  of  which  60,000  should  be  available 
at  the  power-house  or  at  least  50,000  could  be  delivered  for  use 
in  the  city.  Thus  the  conservation  of  the  waters  and  the  ex- 
ploitation of  the  power  have  an  immediate  relation  to  the  loca- 
tion and  development  of  the  industrial  center. 

In  the  region  south  of  Lago  Nahuel  Huapf  water  powers 
are  widely  distributed  in  the  drainage  basins  of  several  great 
rivers.     We  shall  consider  only  the  more  conspicuous  ones. 

The  waters  of  the  upper  Rio  Manso  and  of  the  moimtain 
slopes  south  of  Tronador  gather  in  Lago  Hess,  whence  the  Rio 
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Manso  flows  with  augmented  volume  to  Lago  Steffen.  From 
the  upper  to  the  lower  lake  the  fall  is  about  220  meters  in  a  dis- 
tance of  9  kilometers.  The  river  course  is  in  an  extremely 
rugged  canyon  with  many  cascades.  At  a  moderately  low  stage 
of  the  river,  on  the  19th  of  March,  1913,  the  volume  where  it 
enters  Lago  Steffen  was  foxmd  to  be  38  cubic  meters  a  second. 

We  may  calculate  the  average  volume  of  the  Rio  Manso 
above  Lago  Hess,  including  the  basin  of  Lago  Vidal  Gormaz,  as 
follows:  The  drainage  area  is  842  square  kilometers.  It  includes 
all  the  eastem  and  southern  slopes  of  Tronador,  which  are  cov- 
ered with  glaciers  and  snowfields,  and  an  extensive  area  of  the 
western  Cordillera,  where  the  precipitation  is  particularly  heavy. 
In  contrast  to  this  westem  part,  the  eastem  comprises  the  tree- 
less moxmtain  slopes  east  of  Lago  Mascardi  and  Lago  Guillelmo. 
The  precipitation  thus  varies  from  about  1,500  to  more  than 
3,000  millimeters  a  year,  and,  as  the  humid  area  is  far  more  ex- 
tensive than  the  relatively  arid,  the  average  may  be  assumed  at 
2,700  millimeters.  The  proportion  of  the  run-off  is  large  and  may 
be  taken  at  one-half.  Using  these  data  we  obtain  an  annual  run- 
off of  1,040,000,000  cubic  meters,  equivalent  to  36  cubic  meters 
per  second. 

The  area  of  the  several  lake  basins  in  the  drainage  area  is  70 
square  kilometers  and  is  entirely  adequate  to  afford  complete 
storage  of  the  waters.  Just  below  the  outlet  of  Lago  Hess  the 
Rio  Manso  begins  its  descent  to  Lago  Steffen  in  a  small  cascade 
over  a  rocky  barrier  which  would  afford  firm  foundations  for  a 
dam.  A  structure  not  exceeding  10  meters  in  height  would 
control  the  waters.  The  fall  being  200  meters  and  the  volume 
36  meters  per  second,  the  theoretical  energy  of  the  water  in  fall- 
ing to  Lago  Steffen  is  105,600  horsepower,  and  the  available 
energy  at  the  fall  about  74,000  horsepower.  This  would  be 
reduced  about  2,000  horsepower  if  the  evaporation  from  70 
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square  kilometers  of  water  stored  in  the  lakes  amounted  to  i 
meter  in  depth. 

The  feature  of  this  project  that  will  occasion  the  heaviest 
expense  will  be  the  installation  of  the  pressure  pipes  in  the  can- 
yon between  Lago  Hess  and  Lago  Ste£fen.  The  canyon  is  a 
U-shaped  trough  with  a  precipitous  trench  in  the  bottom  of  it. 
The  bench  which  forms  the  bottom  of  the  U  and  runs  along  the 
side  of  the  deeper  gorge^  will  afford  reasonably  accessible  and 
secure  support  for  the  pipe,  but  there  are  many  little  lateral 
canyons,  across  which  it  should  be  carried  on  steel  or  concrete 
girders  or  in  which  it  must  be  allowed  to  form  a  siphon,  accord- 
ing to  the  span  and  relative  cost  of  the  two  methods  of  installa- 
tion. No  one  has  yet  actually  passed  through  the  canyon  from 
one  lake  to  the  other,  but  in  the  opinion  of  the  writer,  who  has 
been  more  than  halfway  from  Lago  Hess  in  the  course  of  a 
preliminary  inspection,  the  passage  is  not  excessively  difSiadt. 

Connected  with  the  preceding  power  project  is  another  which 
would  make  use  of  the  fall  of  the  Rio  Manso  from  Lago  Mascardi 
to  Lago  Hess.  The  elevation  of  Lago  Mascardi  is  798  meters 
above  the  sea;  that  of  Lago  Hess  is  approximately  730,  and  that  of 
Lago  Stefifen  is  509.  The  elevation  of  Mascardi  and  StefiFen  has 
been  accurately  determined,  and  Lago  Hess  lies  between  the  two 
at  about  the  elevation  given,  as  indicated  by  barometer. 

Of  the  total  fall,  289  meters  from  Mascardi  to  StefiFen,  we  have 
taken  220  meters  as  that  part  which  occurs  between  Hess  and 
StefiFen;  the  remainder,  69  meters,  would  be  foimd  between  Mas- 
cardi and  Hess.  The  drainage  basin  of  the  upper  Manso  has  an 
area  of  561  square  kilometers,  including  extreme  difiFerences  of 
precipitation  from  Tronador  on  the  west  to  the  treeless  sierras  on 
the  east.  We  take  the  average  at  2,200  millimeters  per  anniun 
and  the  nm-ofiF  at  60  per  cent  on  account  of  the  glacial  source  of 
the  main  river  and  the  deforested  condition  of  much  of  the  area. 
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These  assumptions  give  a  mean  flow  of  23.5  cubic  meters  per 
second.  The  theoretical  energy  of  the  fall  of  69  meters  from  Lago 
Mascardi  to  Lago  Hess  is  21,000  metric  horsepower,  and  the 
probable  available  energy  is  14,700.  Deducting  1,600  horsepower 
for  loss  by  evaporation  there  remain  13,100  horsepower.  The 
length  of  pressure  pipe  from  the  dam  site  at  the  outlet  of  Lago 
Mascardi  to  the  discharge  at  Lago  Hess  would  be  10  kilometers. 
The  installation  of  dam  and  pipe  would  be  inexpensive,  and  the 
project  would  be  one  of  the  most  economical  to  exploit 

The  sum  of  the  available  powers  which  the  Manso  should 
yield  between  Lago  Mascardi  and  Lago  Steffen  is  about  87,000 
metric  horsepower.  The  whole  project  is  one  of  the  major  ones 
of  the  r^on.  The  power  may  be  utilized  on  the  electric  rail- 
way south  from  Bariloche  to  El  BoIs6n  and  Cholila,  or  at  the 
industrial  city  of  Lago  Nahuel  Huapf ,  42  kilometers  from  the 
power  site  on  Lago  Steffen.  The  entire  drainage  basin  should  be 
thoroughly  surveyed,  the  dam  sites  should  be  carefully  inves- 
tigated, and  the  regimen  of  the  river  should  be  continuously 
noted. 

The  Rio  Villegas  is  a  stream  which  rises  in  the  eastem  Cor- 
dillera on  the  Continental  Divide  and,  flowing  from  the  barren 
heights  of  Cerro  Colorado  and  the  Corddn  Blanco,  descends 
into  the  central  valley  of  the  Andes  and  joins  the  Manso  in  its 
course  to  the  Pacific.  The  upper  valley  of  the  Villegas,  below 
the  precipices  of  the  greater  heights,  is  fairly  wide,  but  on  issiiing 
from  it  into  the  central  valley  the  river  turns  southward  and 
plunges  with  a  heavy  fall  into  a  wild  canyon,  west  of  which  is  the 
gravel  plain  of  the  Pampa  del  Toro  and  the  broad  depression  of 
the  Cafiaddn  de  las  Moscas.  In  order  to  utilize  the  energy  of 
the  river's  fall  to  the  highest  practicable  d^ree,  the  stream 
should  be  dammed  in  its  upper  valley  and  the  water  be  con- 
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ducted  from  the  base  of  the  dam  at  an  elevation  of  972  meters 
above  sea,  via  the  Cafiaddn  de  las  Moscas,  to  the  Manso.  The 
length  of  the  pipe  line  would  be  11  kilometers  and  the  fall  486 
meters.  The  proposed  dam  would  be  50  meters  high  and  300 
meters  long  on  top.  It  would  enclose  a  basin  of  2.5  square 
kilometers  superficial  area  and  of  61,875,000  cubic  meters  ca- 
pacity. 

Assuming  the  existence  of  the  storage  basin  to  be  created 
by  the  dam,  we  may  calculate  the  power  with  complete  con- 
servation of  the  run-off  as  follows:  The  drainage  basin  above  the 
reservoir  has  an  area  of  approximately  200  square  kilometers. 
The  precipitation  on  the  heights  of  the  eastern  Cordillera  is 
about  1,800  millimeters,  and  the  run-off  is  about  60  per  cent. 
The  total  annual  discharge  is,  then,  216,000,000  cubic  meters. 
The  mean  flow  per  second  would  be  6.8  cubic  meters  and  the 
theoretical  energy  developed  in  the  fall  of  486  meters  would  be 
44,000  horsepower.  Deduction  being  made  for  evaporation  and 
other  losses  incidental  to  the  form  of  installation,  the  project 
would  yield  about  26,000  available  horsepower.  The  construc- 
tion of  the  dam  would  be  a  costly  item  in  the  development  of 
this  project,  but  without  the  storage  which  the  artificial  re- 
servoir would  afford  only  a  primary  flow  of  about  2  cubic 
meters  per  second  could  be  maintained,  and  the  floods  resulting 
from  the  rapid  run-off  from  the  bare  moimtain  heights  would 
render  the  control  of  the  current  difSicult. 

The  canyon  of  the  Villegas,  below  the  above-described  storage 
basin,  was  carefully  surveyed  by  Messrs.  Luginbiihl  and  Lewis, 
of  the  Comisidn  de  Estudios  Hidrol6gicos,  and  foiu-  other  dam 
sites  were  located  by  them,  one  of  which  is  at  the  site  of  the  pro- 
posed crossing  of  the  canyon  by  the  electric  railroad  line  from 
Bariloche  to  Colonia  de  16  de  Octubre.  A  dam  installed  there 
would  serve  as  f bimdation  for  the  superstructure  of  the  railroad 
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and,  utilizmg  only  the  primary  flow  of  the  river,  which  at  that 
point  is  considered  to  amount  to  only  1.5  cubic  meters  per  sec- 
ond, would  develop  about  675  available  horsepower.  The  canyon 
at  this  point  is  about  700  meters  wide  and  145  meters  deep 
below  the  railroad  grade.  It  is  proposed  that  the  railroad  cars 
shall  be  lowered  on  an  appropriate  platform  into  the  canyon 
and  raised  again  on  the  other  side.  The  power  necessary  to 
operate  the  required  inclined  planes  and  cables  might  be  obtained 
by  damming  the  river  at  this  point.  The  dam  would  be  ex- 
posed in  the  canyon  to  very  heavy  floods  and  would  need  to 
be  very  strongly  constructed  to  withstand  them. 

The  enormous  fall  of  the  Rio  Villegas  immediately  attracts 
attention  to  it  as  a  stream  from  which  a  considerable  amount 
of  water  power  should  be  cheaply  secured,  but  preliminary 
consideration  of  the  several  possible  projects  appears  to  in- 
dicate that  the  amoimt  of  available  power  would  be  relatively 
small  as  compared  with  the  cost  of  exploitation,  and  that  the 
cost  per  horsepower  would  therefore  be  relatively  large.  It  is 
probable  that  the  development  of  the  Manso  between  Lago 
Mascardi  and  Lago  Steffen  would  prove  more  economical. 

South  of  the  Villegas  there  are  several  streams  from  which 
water  power  may  be  derived,  but  the  conditions  do  not  appear 
to  be  particularly  favorable.  Thus  the  Rio  Foyel  and  the 
Quemquemtreu  both  rise  in  the  eastern  Cordillera  and  are  subject 
to  extreme  fluctuations  of  volume.  There  are  no  lakes  in  their 
drainage  basins,  and  storage  of  the  waters  would  be  difficult. 
Another  of  these  rivers,  the  Rio  Azul,  gathers  its  waters  from  a 
number  of  small  streams  that  flow  from  the  glaciers  and  snow- 
fields  of  the  high  mountain  group  west  of  El  Bols6n.  It  is  pos- 
sible that  there  exist,  in  those  unexplored  heights,  good  oppor- 
tunities for  the  development  of  powers  which,  though  individually 


Digitized  by 


Google 


402  NORTHERN  PATAGONIA 

small,  might  in  the  aggregate^  with  a  fall  of  i^ooo  meters  or  more, 
yield  a  very  large  amoimt  of  energy;  but  the  heights  have  never 
been  surveyed  and  the  wild  canyons  by  which  the  snow-fed  tor- 
rents descend  to  the  Rio  Azul  are  more  inviting  to  the  alpine 
climber  than  to  the  engineer  planning  hydro-electric  develop- 
ment. The  Quemquemtreu  and  the  Azul  flow  into  Lago  Puelo, 
a  large  storage  basin  capable  of  being  dammed  at  moderate  ex- 
pense at  its  western  end,  whence  there  is  a  fall  of  25  meters  to 
Lago  Inferior.  The  volume  oi  water  of  the  Rio  Puelo  at  this 
point  includes  not  only  the  two  rivers  already  mentioned,  but 
also  those  of  the  Rio  Turbio  and  its  tributary  the  Rio  Alerzal, 
both  of  which  are  large  streams.  We  have  no  measurement  of 
the  run-off  from  the  lake,  but  by  calculation  it  is  not  less  than 
40  cubic  meters  per  second  throughout  the  year.  With  a  fall 
of  25  meters  the  corresponding  power  would  be  13,500  metric 
horsepower,  of  which  9,500  horsepower  should  be  available. 
Unfortunately  the  dam  site  for  this  project  is  in  Argentina  and 
the  base  of  the  fall,  or  the  power  site,  is  in  Chile.  Its  develop- 
ment would  therefore  require  an  international  agreement. 

The  Rio  Turbio  and  the  Alerzal,  referred  to  in  the  preceding 
paragraph,  fall  from  mountains  exceeding  2,000  meters  in  alti- 
tude to  Lago  Puelo,  the  elevation  of  which  is  205  meters.  There 
are  no  doubt  opportunities  for  the  development  of  power  on 
these  streams,  but  they  remain  unknown,  as  the  r^on  is  diffi- 
cult of  access  and  covered  with  dense  virgin  forest. 

Lago  Epuydn  and  the  Rio  £puy6n  offer  an  opportunity  for 
the  exploitation  of  power,  which  is  so  centrally  situated  with 
reference  to  the  communities  which  will  grow  up  in  El  Bols6n  and 
the  Hoyo  de  Epuy6n,  that  it  should  be  carefully  studied.  The 
principal  feature  is  Lago  Epuy6n,  which  has  a  superficial  area  of 
18  sqiiare  kilometers.    From  it  the  Rio  Epuydn  flows  eastward  to 
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a  junction  with  a  tributary  which  drains  the  Cholila  Basin, 
and  the  combined  waters  then  take  a  northerly  course  through 
an  imusually  narrow  canyon.  A  dam  in  this  canyon  would 
convert  Lago  Epuydn  into  a  storage  basin  capable  of  conserving 
all  the  waters  of  the  tributary  area,  492  square  kilometers  in  ex- 
tent* The  drainage  area  includes  two  districts  which  are  quite 
distinct  in  the  amount  of  precipitation  they  receive.  One  is  a 
high  moimtain  r^on  of  the  central  Cordillera,  where  the  pre- 
cipitation is  at  least  1,800  millimeters,  whereas  the  other  is 
the  relatively  dry  Cholila  Basin,  where  it  may  not  exceed  1,000 
millimeters.  The  two  districts  are  about  equal  in  extent,  and 
the  mean  precipitation  for  the  total  area  would  be,  according  to 
the  above  ratios,  1,400  millimeters.  The  run-off  may  be  taken 
at  one-half  of  the  total  precipitation  and  is  then  equivalent  to  10 
cubic  meters  per  second  throughout  the  year. 

There  are  two  ways  in  which  this  water  may  be  used  to  give 
power.  First,  by  erecting  a  dam  in  the  canyon  through  which 
the  river  flows  just  below  Lago  Epuy^.  As  the  canyon  does  not 
exceed  10  meters  in  width  at  the  bottom  and  the  sLofpes  of  its 
rocky  waUs  are  not  less  than  45  d^;rees,  the  dam  would  be  a 
short  structure,  but  to  give  any  considerable  amount  of  power 
would  necessarily  be  high.  The  outflow  of  10  cubic  meters 
per  second  would  yield  1,000  horsepower  for  each  7.5  meters  in 
height  of  fall.  To  obtain  4,000  theoretical  horsepower  we  must 
therefore  have  a  fall  of  30  meters  and  the  dam  would  need  to  be 
more  than  30  meters  high  by  the  amoimt  of  the  rise  of  the  waters 
in  the  reservoir  above  their  minimnnn.  From  this  theoretical 
power  we  should  derive  at  least  2,000  horsepower;  more  could  be 
obtained  if  it  were  thought  advisable  to  increase  the  height  of 
the  dam. 

The  other  method  of  utilizing  the  flow  of  10  cubic  meters 
per  second  was  first  suggested  by  Mr.  Pemberton,  of  the  Co- 
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misi6n  de  Estudios  Hidrol6gicos^  who  surveyed  this  region.  The 
plan  involves  the  installation  in  the  canyon  of  a  low  dam,  of 
sufficient  height  only  to  make  an  effective  storage  reservoir 
of  the  lake.  At  the  opposite,  northwestern  end  of  the  lake  a 
tunnel  of  2.5  kilometers  in  length  would  then  be  driven  through 
the  ridge  to  the  slope  above  Lago  Puelo.  The  tunnel  could 
be  shortened  and  the  height  of  fall  increased  by  increasing  the 
height  of  the  dam  in  the  canyon  at  the  eastern  outlet.  At  its 
present  level  Lago  Epuy^  is  100  meters  above  Lago  Puelo 
and  the  fall  of  10  cubic  meters  per  second  would  have  13,300 
theoretical  horsepower,  or  about  10,000  available  horsepower. 
More  accurate  surveys  than  we  possess  of  the  conditions  affect- 
ing the  construction  of  the  tunnel  are  required  before  it  would 
be  possible  to  calculate  the  level  at  which  it  should  be  pierced 
and  the  cost  of  the  project.  As  the  site  is  immediately  adjacent 
to  a  center  of  population,  however,  it  should  be  thoroughly 
studied. 

Between  Lago  Epuy^n  and  Lago  Kruger  lie  the  headwaters 
of  the  great  Rio  Fetaleufu,  with  Lago  Cholila,  Lago  Rivadavia, 
Lago  Men6ndez,  Lago  Fetalaufquen,  and  Lago  Kruger.  The 
sources  of  the  river  are  in  extensive  snowfields  and  glaciers  of 
the  western  Cordillera  and  are  never-failing.  The  great  lake 
basins,  with  a  superficial  area  of  207  square  kilometers,  have  an 
enormous  storage  capacity,  and  although  the  total  area  of  the 
drainage  basin  is  3,338  square  kilometers,  the  lakes  will  suffice  to 
conserve  all  the  waste  waters,  provided  each  one  is  utilized  to 
control  the  inflow  which  it  receives. 

There  are  on  the  streams  falling  to  these  lakes  and  at  their 
outlets  opportunities  for  the  exploitation  of  power,  some  of 
which  have  been  noted,  but  which  in  view  of  the  enormous 
energy  developed  by  the  river  Fetaleufu  after  leaving  Lago 
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Kruger  are  of  comparativdy  little  importance  and  may  for  the 
time  being  be  left  out  of  consideration.  We  will  therefore  con- 
fine our  attention  to  the  power  of  the  Fetaleufu  between  Lago 
Ejiiger  and  the  Corintos  Valley. 

The  drainage  basin  of  the  Fetaleufu  above  Lago  Kruger 
lies  in  a  region  of  exceedingly  heavy  precipitation.  Four-fifths 
of  the  area  is  situated  on  the  high  plateau  of  the  western  Cor- 
dillera, where  extensive  snowfields  cover  the  summits  and  al- 
most constant  rain  and  mists  mark  even  the  summer  in  the 
lower  passes.  The  conditions  are  similar  to  those  which  deter- 
mine the  average  precipitation  of  2,700  millimeters  per  annum 
over  the  drainage  basin  of  Lago  Nahuel  Huapf.  If  anything  the 
rainfall  and  snowfall  are  heavier  above  Lago  Mendndez.  We 
may  be  sure  that  we  shall  not  err  on  the  side  of  assuming  too 
much  precipitation  if  we  take  it  at  2,700  millimeters.  The  run- 
off from  the  high,  steep  moimtain  slopes,  which  are  in  many 
places  precipitous  from  the  shores  of  the  lakes  up,  may  be  taken 
at  50  per  cent  Evaporation  from  207  square  kilometers  of  lake 
surface  is  estimated  at  200,000,000  cubic  meters  per  annum. 

^plying  these  factors  we  arrive  at  a  mean  annual  discharge 
of  137  cubic  meters  per  second  at  the  outlet  of  Lago  Kruger, 
where  Mr.  Pemberton  measured  a  flow  of  125  cubic  meters  per 
second  at  a  low  stage  of  the  river  in  midsummer  of  191 2.  The 
estimate  of  137  cubic  meters  is  probably  too  low  for  the  average. 
Nevertheless,  proceeding  on  that  basis,  we  have  in  the  fall  of 
103  meters  from  Lago  Kruger  to  Lago  No.  i,  16  kilometers  dis- 
tant, energy  equal  to  181,300  metric  horsepower,  of  which  we  may 
estimate  as  available  108,300  metric  horsepower. 

From  Lago  No.  i  the  Fetaleufu  receives  a  considerable  tribu- 
tary, which  drains  an  area  of  831  square  kilometers  and  has  a 
probable  mean  volume  of  34  cubic  meters  per  second,  estimated 
on  the  same  moderate  assumptions  as  were  applied  to  the  en- 
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tire  upper  drainage  basin.  The  augmented  mean  volume  is  171 
cubic  meters  per  second,  or  about  that  of  the  Rio  limay  at 
the  outlet  of  Lago  Nahuel  Huapf,  176  cubic  meters.  The  two 
drainage  areas  compare  as  4,054,  the  area  in  square  kilometers 
of  the  Nahuel  Huapf  drainage  basin,  to  4,169,  the  sum  of  3;338 
and  831  square  kilometers. 

From  Lago  No.  i  the  Fetaleufu  flows  a  short  distance  with 
a  fall  of  15  meters  to  Lago  Situaci6n,  which  is  a  rock-boimd 
reservoir  having  a  narrow  outlet  in  a  canyon  at  the  head  of  a 
rapid.  The  fall  is  50  meters  in  the  first  1,500  meters  or  1.5 
kilometers  of  the  course,  and  20  meters  more  in  the  next  5.5 
kilometers,  giving  a  total  fall  of  70  meters  in  7  kilometers. 

The  corresponding  theoretical  energy  is  171,600  metric  horse- 
power, of  which  102,600  horsepower  should  be  available  at  the 
power-house  at  the  junction  of  the  Rio  Fetaleufu  with  the  Rio 
Corintos,  in  the  western  part  of  the  fertile  valley  of  the  16  de 
Octubre. 

The  effective  sum  of  the  two  powers  is  210,900  metric  horse- 
power. 

The  dams  which  will  be  required  to  control  the  flow  of  the 
waters  may  be  restricted  to  two,  one  at  the  outlet  of  Lago 
Situaci6n,  the  other  just  below  Lago  Kruger.  Both  of  these 
would  be  located  in  narrow  gorges,  between  waUs  and  on  foun- 
dations of  solid  rock.  The  width  of  the  canyon  below  Lago 
Kruger  was  estimated  by  Mr.  Pemberton  at  100  meters,  and  at 
the  outlet  of  Lago  Situad6n  as  less  than  100  meters.  The  depth 
of  the  river  in  the  former  locality  is  12  meters.  In  the  latter 
it  is  imdetermined. 

A  different  method  of  control  would  consist  in  placing  low 
dams  at  the  outlets  of  all  the  lakes  of  the  great  system,  and  so 
distributing  the  conservation  that  each  imit  would  be  of  moderate 
cost  and  easy  to  manage. 
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The  investigation  of  this  great  water  power  is  a  problem  of 
the  first  magnitude.  It  represents  one-tenth  of  all  the  power 
that  may  be  exploited  in  the  region  and^  being  immediately 
accessible  to  the  largest  and  most  fertile  valley  of  the  Andes, 
favored  by  an  excq>tional  climate,  it  has  a  great  potential  value* 
As  compared  with  Lago  Nahuel  Huapf,  it  is  equaUy  favorably 
^tuated  with  reference  to  concentration  of  raw  materials,  but 
is  some  500  kilometers  farther  from  the  great  northern  markets. 

South  of  the  valley  of  16  de  Octubre  our  investigations  in- 
clude only  one  other  water-power  development,  namely,  that 
of  the  Rio  Hielo,  tributary  to  the  Rio  Corcovado.  From  the 
point  where  the  Rio  Hielo  and  the  Rio  Frfo  join,  the  combined 
waters  flow  into  a  canyon  in  which  they  fall  no  meters  in  12 
kilometers  to  the  Corcovado  Valley.  The  volimie  of  the  Rio 
Hielo,  as  measured  by  Mr.  Pemberton,  is  23  cubic  meters  per 
second.  The  drainage  area  of  the  Rio  Hielo  is  440  square  kilo- 
meters and  that  of  the  Rio  Frfo  is  525  sqiiare  kilometers.  The 
precipitation  in  the  Hielo  basin  may  be  estimated  at  2,500  milli- 
meters, whereas  in  the  Frfo  basin  it  probably  does  not  exceed 
1,200  millimeters.  The  corresponding  run-off  is  estimated  at 
9,020,000,000  and  5,355,000,000  cubic  meters  respectively,  and 
their  sum  is  14,375,000,000  cubic  meters,  equivalent  to  45  cubic 
meters  per  second.  The  conditions  of  storage  are  not  favorable 
and  it  is  probable  that  one-third  of  the  flow  would  be  lost; 
estimating  on  the  utilization  of  the  other  two-thirds,  or  30  cubic 
meters  per  second,  we  have  a  total  theoretical  energy  of  44,000 
metric  horsepower,  of  which  the  available  proportion,  taken  as 
seven-tenths,  would  be  30,000  metric  horsepower.  The  power 
would  be  made  available  by  the  construction  of  a  dam  at  the 
entrance  to  the  canyon  below  the  junction  of  the  Rio  Hielo  and 
Rio  Frfo,  where  the  gorge  has  a  width  of  but  30  meters  between 
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nearly  vertical  walls  of  rock.  The  power-plant  would  be  situated 
in  the  valley  of  the  Rio  Corcovado,  which,  like  that  of  the  i6 
de  Octubre,  is  peculiarly  favored  by  climate  and  surroundings  as 
a  center  of  population.  It  is,  however,  the  more  remote  of  the 
two.  There  is  no  other  considerable  water  power  as  yet  known 
to  us  in  the  Corcovado  Valley. 

The  powers  sketched  in  the  preceding  paragraphs,  com- 
prising the  more  conspicuous  of  those  which  are  available  be- 
tween San  Martin  de  los  Andes  and  the  Rio  Corcovado,  may 
be  enumerated  as  follows: 


SUMMARY  OF  THE  MORE  NOTABLE  POWERS  IN  THE  SECTION 
BETWEEN  SAN  MARTlN  DE  LOS  ANDES  AND  THE  VALLEY 
OF  THE  CORCOVADO 


Lago  Lolog — San  Martfn 

Lago  Traful— Rio  Traful 

Rio  Limay  in  the  Segimda  Angostura 

Rio  Manso — ^Lago  Mascardi — ^Lago  Steffen 

Rio  Villegas — Rio  Manso 

Lago  Puelo — Lago  Inferior 

Lago  Epuy6n — ^Lago  Puelo 

Rio  Fetaleuf  u — Lago  Kruger — ^Lago  No.  i 

Rio  Fetaleuf u — ^Lago  Situaci6n — Corintos  Valley 

Rio  Hielo — Corcovado  Valley 

Estimated  total  available  energy  of  some  of  the  more  notable 
power  sites 


Available 

power  (70  per 

cent  of  the 

enaorofthe 

Call)ru  met- 

lichocK- 


20,000 
30,000 
60,000 
87,000 
26,000 

9,500 

10,000 

108,300 

102,600 

30,000 


483,400 


Digitized  by 


Google 


3 

S 


-1 


Digitized  by 


Google 


CO 

2 
p 


c 


5? 


/' 


If- 


Digitized  by 


Goosle 


SECTION  IV 

"X 

I  t 

y  LAGO  NAHUEL  HUAPl 

The  National  Park  and  Fittijre  Cities 

Lago  Nahud  Huapf  has  already  been  the  theme  of  many 

enthusiastic  descriptions^  celebrating  the  majestic  grandeur  of 

the  scenic  features  which  distinguish  it  as  one  of  the  most  beau- 

\  tiful  lakes  of  the  world    The  subject  is  an  alluring  one  and  has 

'/  a  place  even  in  an  economic  discussion,  the  value  of  scenery  as 

an  attraction  for  tourist  travel  and  a  source  of  income  being  well 

w  established.    But  it  is  proposed  to  publish  a  special  work  on  the 

^  great  National  Park  of  which  Nahuel  Huapf  is  the  center,  and 

r  the  fuller  treatment  of  that  subject  may  be  reserved.    It  will 

suffice  to  add  here  a  sketch  of  the  plan  of  the  park,  which  was 

prepared  at  the  request  of  the  Director  General  of  Agriculture, 

I  Dr.  Julio  L6pez-Mafi&n,  and  published  by  the  Ministry,  and 

which  runs  as  follows: 

THE  NATIONAL  PARK  OF  THE  SOUTH 

All  the  region  described  is  not  yet  included  in  the  park.    The 

original  nucleus  of  the  National  Park  owes  its  origin  to  the  expert, 

Dr.  Moreno,  who  returned  to  the  nation  to  be  used  for  this  purpose 

I  three  legusiS  of  land  which  he  had  received  in  compensation  for  his 

services  on  the  Boundary  Commission  with  Chile. 
I  This  area  and  some  tracts  reserved  around  Lago  Nahuel  Huapf 

officially  represent  the  park. 

The  greater  portion  of  the  remainder  may  be  classified  as  fiscal 
lands  without  designation,  a  small  portion  being  tracts  occupied  by 
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individuals  with  provisional  or  definite  titles.  These  latter  are  not 
important  in  eictent,  but  they  have  great  value  on  account  of  their 
locations  at  the  most  desirable  and  accessible  points,  and  they  in- 
clude lands  which  are  necessary  to  the  development  of  the  park  as  a 
center  for  tourists  and  summer  resorts. 


Above  the  Cordillera  of  the  southern  Andes  rises  the  superb 
volcano,  £1  Tronador.  For  many  centuries  its  fires  have  been  ex- 
tinguished and  its  slopes  have  been  covered  by  perpetual  snow.  At 
its  feet,  in  the  heart  of  the  Cordillera,  lie  the  profoimd  depths  of  Lago 
Nahuel  Huapf ,  from  whose  shores  virgin  forests  ascend  to  the  glaciers 
of  the  sublime  peak.  Among  these  surroundings,  pregnant  with  the 
majesty  of  nature,  was  founded  in  1905  the  National  Park  of  the 
South,  embradng  within  its  limits  Lago  Frfas,  to  the  northwest  of  El 
Tronador,  and  the  pass  of  P£rez  Rosales. 

Following  the  principal  route  between  southern  Chile  and  Argen- 
tina, the  traveler  in  one  day  crosses  the  Cordillera  by  the  pass  of 
P6rez  Rosales  and  descends  to  Lago  Nahuel  Huapl  at  Puerto  Blest, 
whence  he  reaches  Bariloche  by  steamer  in  about  four  hours.  There 
he  finds  himself  on  the  eastern  margin  of  the  wooded  Cordillera,  and 
the  grassy  pampas  of  Rio  Negro  open  out  before  him.  Li  contrast 
with  the  facility  of  access  to  the  park  from  the  Chilean  side  one  still 
experiences  great  difficulty  and  discomfort  in  the  journey  across 
the  Argentine  provinces;  but  it  will  not  be  long  to  the  completion  of 
the  railroad  from  San  Antonio  to  the  lake,  which  will  also  make  connec- 
tion with  the  Southern  Railroad,  thus  imiting  Buenos  Aires  with  the 
Cordillera.    Then  the  journey  will  be  made  comfortably  in  two  days. 

Lago  Nahuel  Huapl  is  the  principal  attraction  of  the  National 
Park.  By  its  beauty  and  by  the  majesty  of  its  scenery  it  may  be 
compared  with  the  best-known  regions  of  the  world.  Li  extent  it 
is  comparable  with  Lake  Geneva,  while  in  the  number  and  character 
of  its  branches  it  resembles  Lake  Lucerne.  The  snowy  peaks  lure  the 
mountain  climber  like  those  of  Switzerland,  and  the  high  granite 
precipices  which  encircle  the  Golf o  de  la  Tristeza  recall  those  of  the 
well-known  Valley  of  the  Yosemite  in  California.  Toward  the  north 
and  the  south,  over  the  slopes  of  the  intercordilleran  valleys  in  which 
lie  various  lakes,  extends  the  old  forest,  growing  above  dense  masses 
of  shrubs  and  the  graceful  bamboo.  The  explorer  who  leaves  his 
canoe  on  the  shore  and  ascends  to  the  upper  limit  of  the  dense  veg- 
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etation  comes  out  upon  grassy  meadows  dotted  to  the  very  margin 
of  the  snow  with  brilliant  flowers.  Everywhere  the  fragrant  air, 
the  sparkling  waters,  the  shady  glades,  and  the  beautiful  vistas  invite 
to  peace  and  repose. 

The  region  appropriate  to  the  recreation  of  tourists  is  so  extensive 
that  it  is  difficult  to  place  limits  to  the  National  Park,  but  it  is  neces- 
sary to  take  into  account  other  uses  to  which  the  region  should  be 
put,  and  to  confine  the  park  within  reasonable  bounds.  On  this 
accoimt  an  area  is  proposed  equal  to  one-half  that  of  the  Yellowstone 
Park  in  the  United  States,  or  about  440  leguas.  The  northern 
boundary  is  fixed  so  as  to  include  Lagos  Villarino,  Falkner,  and  Tra- 
ful.  The  eastern  boundary  should  coincide  with  the  valley  of  the 
Rio  Limay  and  the  Continental  Divide  between  the  waters  of  the 
Atlantic  and  the  Pacific  to  the  south  of  Lago  Nahuel  Huapl.  Rio 
Villegas  and  Rio  Manso  may  be  accepted  as  the  southern  limit,  thus 
including  in  that  portion  of  the  park  the  beautiful  Lagos  Steffen, 
Martin,  Mascardi,  Hess,  and  Fonck,  with  various  other  smaller 
ones.  On  the  west  remains  the  Chilean  boimdary ,  and  it  is  to  be  hoped 
that  the  Argentine  National  Park  may  be  joined  by  a  Chilean  Na- 
tional Park  extending  over  the  adjacent  ridges. 

Within  the  area  indicated  importunity  may  be  found  for  the 
development  of  all  the  activities  which  should  be  established  in  a 
park  dedicated  to  the  welfare  of  the  nation. 

In  the  r^on  about  this  portion  of  Lago  Nahuel  Huapf,  acces- 
sible by  railroad  and  by  automobiles,  simmier  resorts  may  be  located, 
with  hotels,  villas,  and  amusements  of  all  kinds.  The  peninsulas 
of  San  Pedro  and  Llao  Llao,  south  of  the  lake  and  two  to  four  leguas 
west  of  Bariloche,  lend  themselves  especially  to  the  location  of  a  sum- 
mer colony.  By  means  of  steamers  and  launches  the  most  hidden 
comers  of  the  lake  will  become  accessible,  and  in  their  seclusion  small 
cottages  will  be  established  by  those  who  seek  the  solitude  of  tranquil 
nature. 

From  a  point  north  of  the  lake  a  route  for  automobiles  will  extend 
to  Lagos  Traful,  Villarino,  and  Falkner,  and  from  thence  beyond  the 
park  limits  to  San  Martin  de  los  Andes.  The  tourist  who  may  wish 
to  return  from  Lago  Traful  without  retracing  his  steps  may  go  by 
launch  on  that  lake  to  the  valley  of  the  Limay  and  along  that 
valley  by  automobile  to  the  San  Antonio  Railroad,  or,  as  an  alterna- 
tive, by  the  same  valley  to  the  Southern  Railroad  at  Neuqu6n. 

To  the  south  of  Lago  Nahuel  Huapl  a  road  extends  longitudinally 
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through  the  central  valley  of  the  Cordillera,  running  past  Lagos 
Guti6rreZy  Mascardi,  and  Guillelmo.  In  its  extension  it  reaches 
Cholila,  Leleque,  and  the  Colonia  i6  de  Octubre.  The  traveler  may 
cross  into  Chile  by  the  Cocham6  pass. 

A  central  point  for  the  tourists  and  alpinists  will  be  established 
in  a  valley  at  the  eastern  base  of  £1  Tronador,  in  the  Seno  de  la 
Trinidad,  where  at  present  scarce  a  trace  of  human  foot  is  to  be 
found,  so  retired  and  hidden  it  lies  between  high  peaks  and  imposing 
precipices,  its  forests  crowned  by  glaciers.  Here  three  roads  will 
join.  The  northern  one,  leaving  Puerto  Blest  on  Lago  Nahud  Huapf 
or  the  pass  of  P6rez  Rosales  on  the  Chilean  boimdary,  will  pass  by 
Lago  Frfas  and  on  to  the  Seno  de  la  Trinidad;  a  second,  following 
the  upper  course  of  the  Rio  Manso,  will  continue  toward  the  south  to 
Lago  Mascardi;  while  the  last  and  most  picturesque  of  the  three 
will  descend  eastward  by  the  granite  precipices  which  tower  above 
Lago  Frey,  to  the  Golfo  de  la  Tristeza  of  Lago  Nahud  Huapl.  From 
the  Seno  de  la  Trinidad  the  tourist  may  ascend  the  hdghts  which 
surroimd  £1  Tronador,  to  admire  that  monarch  of  the  Cordillera 
across  the  Paso  de  las  Nubes  (Pass  of  the  Clouds),  or  may  climb,  by 
the  gladers  and  snowfields  of  the  grand  peak,  to  the  finaJ  predpices 
of  the  summit.  To  the  present  time  no  man  has  placed  foot  on  the 
peak  itself.  To  the  south  of  £1  Tronador  he  who  studies  the  journeys 
of  Men^ndez  may  find  the  trail  which  he  followed  and  may  by  his 
own  exertions  learn  better  to  appredate  the  difficulties  conquered  by 
that  intrepid  explorer,  with  courage  and  devotion  to  his  cause. 


What  is  a  National  Park?  A  wild  region  destined  for  the  pleas- 
ure of  the  huntsman  or  occasional  moimtain  climber  who  may  have 
a  desire  to  confront  the  difficulties  of  desolate  peaks?  This  is  a  com- 
mon conception  but  one  entirdy  without  reason.  A  National  Park 
is  an  area  reserved  by  the  State  for  the  pleasure  and  welfare  of  all 
the  people.  It  is  thus  reserved  in  order  that  no  individual  can  pre- 
vent others  from  its  enjoyment,  and  in  order  to  preserve  in  its  nat- 
ural condition  everything  which  conduces  to  the  benefit  of  mankind. 

Different  nations  have  diverse  habits — a  National  Park  should 
devdop  according  to  those  of  the  nation  to  which  it  bdongs.  Only 
we  may  assume  that  all  feel  pleasure  before  the  beauties  of  sparkling 
waters  and  forest  shades  and  experience  an  exaltation  at  the  sight 
of  imposing  predpices  and  snow-covered  peaks.    On  this  accoimt  a 
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Coihui.  (ISlpihofitgus  Jombe}fi),  characteristic  growth  and  foliage.  X)iew  in  the 
forest  near  Puerto  &est  on  Logo  Nahuei  HuafiS.  Elevation  above  iea  800 
meters.  Location  in,  a  sheltered  valley  at  the  eastern  base  of  the  CordtUera  de 
hs  Andes.     Camera  inclined  upward. 
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region  characterized  by  such  features  is  evidently  destined  for  a  Na- 
tional Park.  Thus  the  United  States  has  the  Yellowstone  Park,  that 
of  the  Yosemite  Valley,  and  of  Moimt  Rainier  and  its  glaciers,  with 
various  smaller  ones,  and  thus  Argentina  should  have  its  National 
Park  of  the  north,  in  the  region  of  the  falls  of  the  Iguazti,  and  its 
National  Park  of  the  south,  about  Lago  Nahuel  Huapf  and  £1  Tro- 
nador. 

The  development  of  the  park  depends  upon  the  wishes  of  the 
Argentine  people,  and  through  the  mediiun  of  the  Congress  these  can 
establish  the  conditions  which  may  bring  it  about.  The  necessity 
for  making  roads  and  paths  and  establishing  commimication  by 
steamers  and  laimches  on  the  lakes  is  evident.  Accommodations 
must  be  built  for  tourists,  including  one  central  hotel  and  various 
smaller  ones.  For  the  rich,  who  desire  simuner  houses  with  gar- 
dens and  lawns,  the  law  should  provide  conditions  which  permit 
the  occupation  of  appropriate  lots  for  a  long  period  without  detriment 
to  the  obligation  of  the  Government  to  preserve  the  beauty  which 
gives  a  pleasure  to  all.  The  individual  who  held  a  limited  title  or 
right  of  occupation  during  his  lifetime,  or  for  a  period  of  thirty  years, 
could  build  his  house  and  adorn  his  property  according  to  his  taste 
and  the  general  regulations.  In  order  that  the  sum  invested  in  im- 
provements should  not  be  lost  the  law  could  establish  that,  at  the 
termination  of  occupation  by  one  tenant,  he  who  succeeds  should 
pay  the  cost  of  improvements  minus  a  depreciation  determined  by 
regulation  or  by  a  commission.  This,  for  example,  is  the  system  fol- 
lowed in  Australia,  of  leasing  fiscal  lands  for  long  terms. 

For  the  majority  of  people  who  have  not  the  means  to  establish 
their  own  houses  the  administration  of  the  park  itself  should  con- 
struct modest  cottages  in  groups,  placed  on  well-selected  sites,  and 
should  lease  them  for  a  month  or  more  at  a  rental  which  would  pay 
for  their  maintenance  in  good  condition.  Also  camping  should  be 
permitted,  in  tents  which  might  be  private  or  rented  by  the  admin- 
istration, with  the  object  that  all  who  could  make  a  trip  to  the  park 
might  have  an  opportimity  to  remain  under  conditions  and  at  a  cost 
of  living  which  they  find  convenient. 

All  these  conditions  of  enjoyment  of  the  park  must  imperatively 
comply  with  necessary  regulations  for  the  conservation  of  the  natural 
beauties  of  the  spot;  but  within  these  restrictions  all  the  enjoyment 
which  the  customs  of  the  nation  prescribe  should  be  permitted. 
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Future  Cities 

Accurate  surve3rs  of  the  city  sites  which,  in  the  course  of  the 
preliminary  studies,  have  been  indicated  as  desirable,  are  in  prog- 
ress and  will  be  made  the  basis  of  fuller  reports.  The  statement 
now  appropriate  is  the  outline  of  the  development  of  communica- 
tions and  industries  to  which  the  geographic  features  will  nat- 
urally give  rise. 

Under  the  existing  statute,  which  provides  for  the  construc- 
tion of  the  railroad  from  San  Antonio  across  the  continent,  Lago 
Nahud  Huapf  is  the  terminus  of  that  line.  It  is  therefore  of 
moment  to  know  what  may  be  the  opportunities  which  should 
be  grasped,  what  the  existing  conditions  which  should  be  changed, 
what  the  development  which  should  be  promoted,  in  order  to 
give  the  district  the  highest  importance  and  the  railroad  the 
largest  traffic.  The  subject  did  not  escape  the  attention  of  Dr. 
Ramos-Mexfa,  under  whose  orders  special  investigations  were 
made  of  the  branches  and  connecting  lines  of  the  railroad,  in- 
cluding the  international  extension  to  Valdivia,  in  Qiile,  and  also 
of  the  practicable  sites  for  centers  of  tourist  travel  as  well  as  for 
an  industrial  city  which  should  become  the  center  of  manufac- 
turing and  traffic.  Extended  reports  have  been  prepared  or  are 
in  preparation  on  these  projects.  The  full  consideration  of  the 
engineering  and  other  economic  aspects  will  be  presented  in  the 
second  volume,  which  is  to  be  devoted  to  technical  reports.  An 
outline  is  given  here. 

In  contrast  to  the  profoimd  fiords  and  dense  forests  of  the 
central  and  western  parts  of  Lago  Nahud  Huapi,  the  eastern  end 
of  the  lake  is  marked  by  relativdy  low  shores  and  grassy  pampas. 
The  scenes  are  utterly  imlike  and  their  uses  equally  different. 
Rest  and  recreation  are  as  natural  in  the  one  environment  as  are 
activity  and  business  in  the  other.    The  boundary  line  between 
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A.  Valley  of  the  Rio  Umay.    Looking  southwest  upstream  toward  Lago  Nahuel  Huapf  from  a  point  15  kilometers  below  that 

bke. 

B.  Pueblo  de  Bariloche  on  Lago  Nahuel  Huapf  with  the  snow -covered  heighu  of  the  Andes  in  the  dbUnce.    Looking  northwest. 
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the  two  is  dearly  drawn  across  Lago  Nahud  Huapf  through  the 
village  of  San  Carlos  or  Barilodie.* 

Barilodie  is  situated  on  the  southern  shore  of  the  lake  at 
the  point  where  the  slopes  of  a  high  hill  known  as  Ottoshohe 
descend  to  the  ravine  of  a  large  brook,  the  Niric6.t  The  lake 
shore  here  presents  two  terraces,  a  lower  one  in  general  10  to  15 
meters  above  the  lake,  and  an  upper  one  20  to  30  meters  higher. 
Both  terraces  were  covered  with  shrubs  and  dpr6s  as  late  as  1900 
but  are  now  deared  except  for  a  few  bushes  and  some  planted 
poplars  and  fruit  trees.  On  this  site  Bariloche  was  laid  out 
on  a  rectangular  system,  with  streets  running  paralld  to  and 
directly  away  from  the  lake.  No  consideration  was  given  to  the 
fact  that  the  streets^  directed  straight  up  the  face  of  the  slope 
from  the  lower  to  the  upper  terrace,are  too  steep  to  ascend  even 
with  a  team  of  horses  and  an  empty  wagon.  A  rearrangement 
of  streets  and  lots  is  therefore  one  of  the  needs  of  the  place,  and  for 
convenience  and  attractiveness  the  new  plan  should  conform  to 
the  contours  of  the  site.  The  lower  terrace  extends  a  kilometer 
and  a  half  along  the  lake  and  is  200  to  300  meters  wide.  The  flat 
surface  is  suffident  for  the  devdopment  of  the  business  section  of 
a  smnmer  resort  which  is  to  serve  as  the  entrance  to  the  National 
Park,  induding  the  railroad  stations  for  passengers  or  freight  and 
a  pier  for  steamers.  The  upper  terrace  and  the  sunny  sheltered 
slopes  of  Ottoshohe  offer  sites  for  smnmer  residences  and  for 
a  hotd  suited  to  those  who  may  wish  to  enjoy  the  delightful 
atmosphere  of  the  region  without  going  farther  from  railroad 
communication.    Their  niunber  will  be  large,  considering  the 

*  "San  Carlos/'  the  name  given  in  the  reports  and  maps  issued  by  the  Argentine 
and  Chilean  commissions  engaged  in  the  surveys  of  the  international  boundary.  "Bari- 
loche," a  corruption  of  Vuriloche,  the  name  of  an  Indian  tribe  which  lived  in  the  Cor- 
dillera south  of  Mount  Tronador  about  1600  aj>.,  embodied  with  the  cnoneous  q)e]ling 
in  the  decree  establishing  the  town. 

t  "Niric6/'  an  Indian  name  composed  of  Niri,  the  name  of  the  small  tree  Noikofagus 
aniarOica,  and  cd,  water. 
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customs  of  the  Argentine  people.  The  season  in  Bariloche  will 
begin  earlier  and  continue  later  than  in  the  Cordillera.  As  Lago 
Nahud  Huapf  compares  with  Lake  Lucerne^  so  may  Bariloche 
compare  with  the  dty  of  Lucerne  as  a  tourist  resort. 

The  immediate  site  of  lower  Bariloche  is  unfortunately  ex- 
posed to  strong  and  almost  constant  winds^  which  blow  down  the 
lake  and  throw  heavy  breakers  on  the  lee  shore.  For  this  rea- 
son alone  the  lower  terrace  and  improtected  parts  of  the  upper 
terrace  are  unsuited  to  pleasure  residences.  Beyond  Bariloche, 
farther  west  along  the  lake  shore,  the  conditions  improve.  After 
narrowing  where  Ottoshohe  rises  more  steeply  from  the  lake  the 
terrace  widens  again  and,  being  protected  from  the  wind  by 
trees  and  imdulations,  includes  some  charming  meadows,  which 
extend  nearly  to  the  Arroyo  Gutierrez. 

The  Arroyo  Gutierrez,  the  outlet  of  the  lake  of  the  same 
name,  flows  some  4  kilometers  along  the  lake  shore,  through 
rather  a  sterile  gravel  plain  which  stretches  past  Puerto  Moreno. 
Crossing  it  we  come  to  a  district  comprising  three  peninsulas, 
the  Penfnsidas  Campanario,  San  Pedro,  and  Llao  Llao,  which 
are  destined  to  become  smnmering  places  of  notable  wealth  and 
importance.  The  three  peninsulas  represent  three  parallel  ranges 
of  hills  that  trend  northwestward  and  enclose  the  Brazo  Cam- 
panario, lying  northeast  of  the  Peninsula  Campanario,  and  the 
two  Lagos  Moreno  Este  and  Moreno  Oeste,  which  are  sur- 
roimded  on  the  north  by  the  Peninsulas  Campanario  and  Llao 
Llao,  while  south  of  them  extend  the  precipices  of  Cerro  L6pez, 
a  thousand  meters  high. 

The  three  peninsidas  are  highly  diversified  by  hills  and  hol- 
lows and  are  picturesquely  broken  in  coast  line.  They  include 
wide  areas  of  good  soil  and  offer  extremely  desirable  sites  for 
simmier  villas.  The  two  Lagos  Moreno  are  so  enclosed  and 
sheltered  as  to  be  suitable  for  aquatic  sports.  The  lake  shores 
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resemble  the  rocky  coast  of  Maine,  where  resorts  such  as  Mount 
Desert  have  become  established.  Immediately  south  of  them 
are  the  majestic  gray  precipices  of  Cerro  Ldpez,  and  from  certain 
points  on  the  peninsula  of  Llao  Llao  may  be  had  distant  views  of 
El  Tronador,  seen  between  the  canyon  walls  of  the  Golfo  de  la 
Tristeza.  At  one  of  these  places  it  is  proposed  to  buQd  a  central 
hotel,  and  the  further  plan  is  to  permit  the  acquisition  of  villa 
sites  under  conditions  which  shall  equally  protect  the  title  of 
the  Government,  the  purposes  of  the  National  Park,  and  the 
rights  of  the  occupant.  There  are  but  few  localities  anywhere 
which  offer  greater  opportunities  for  healthful  recreation  and  the 
enjoyment  of  villa  life  in  a  setting  of  the  most  magnificent  scenery. 

Beyond  this  easily  accessible  and  charming  locality  lie  the 
deeper  canyons  into  which  penetrate  the  arms  of  Lago  Nahuel 
Huapf,  the  dense  forests,  and  the  snowy  heights  dominated  by 
El  Tronador.  For  the  present  we  turn  away  from  them  to  con- 
sider the  more  utilitarian  aspects  of  the  region  in  general. 

The  outlet  of  Lago  Nahuel  Huapf  is  a  geographic  center  at 
which  the  routes  from  various  directions  necessarily  meet  be- 
cause the  disposition  of  valle3rs  and  mountains  so  determines. 
Directed  from  the  east  toward  the  lake  the  railroad  from  San 
Antonio  finds  a  way  by  passes  and  canyons  through  the  plateaus 
of  western  Rio  Negro  and  descends  to  the  lake  shore  at  the 
mouth  of  the  Rio  Nirihuau;  thence  one  branch  proceeds  westward 
to  Bariloche  and  the  other  northeastward  to  the  near-by  outlet 
of  the  lake.  Here  the  Rio  Limay  issues,  and  its  valley,  extending 
400  kilometers  northeastward,  affords  a  direct  line  for  railroad 
construction  to  a  jimction  with  the  Ferrocarril  Sud  at  Neuqu6n. 
Swinging  from  the  outlet  westward  aroimd  the  northern  shore  of 
the  lake,  the  transcontinental  line  will  extend  by  an  easy  pass 
across  the  Andes  to  Valdivia,  and  a  branch  will  be  thrown  out 
from  it  to  San  Martin  de  los  Andes  in  the  north.    If  we  would 
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approach  these  routes  to  San  Antonio,  to  Neuqu€n,  or  to  Val- 
divia  from  the  south,  we  might  come  either  across  the  Pampa  of 
Nahuel  Huapf ,  following  a  long-established  trail  from  the  terri- 
tory of  Chubut,  or  by  the  central  valley  of  the  Andes  along  the 
mule  track  that  skirts  Lago  Gutierrez.  In  any  case  the  road 
leads  to  the  outlet  of  Lago  Nahuel  Huapf  as  inevitably  as 
the  old  trails  and  the  present  great  railroad  routes  to  Chicago 
skirt  the  southern  end  of  Lake  Michigan.  This  center  is  the 
site  chosen  for  the  industrial  city  of  Nahuel  HuapL 

In  November,  191 2,  the  then  Minister  of  Public  Works  gave 
instructions  for  the  examination  of  the  coast  of  Lago  Nahuel 
Huapf  and  the'  vicinity,  to  secure  data  according  to  which  the 
site  of  the  terminal  dty  of  the  San  Antonio  Railroad  might  be 
selected.  As  was  customary  with  the  Minister,  he  threw  out 
the  idea  in  general  terms  in  conversation,  and,  important  though 
the  matter  was,  no  written  instructions  were  ever  given.  He 
indicated,  however,  that  the  site  to  be  selected  should  be  ade- 
quate for  the  development  of  a  city  of  notable  importance,  ade- 
quate to  concentrate  within  itself  the  principal  manufacturing 
industries  which  should  develop  by  the  application  of  hydro- 
electric power  to  the  utilization  of  the  raw  materials  which  the 
coimtry  affords.  In  January,  1913,  a  preliminary  report  was 
made  and  there  followed,  on  the  26th  of  February,  a  Presidential 
decree  which  named  as  a  commission  to  report  on  the  city  Dr. 
Isidoro  Rxilz  Moreno,  Director  General  of  Territories;  Sefior 
Decio  Severini,  Director  General  of  Irrigation;  and  Sefior  Pablo 
Noguez,  Director  General  of  Railroads.  Mr.  Willis  was  in- 
structed by  the  terms  of  the  same  decree  to  assist  the  commis- 
sion with  all  the  data  in  his  control.  He  accordingly  prepared 
maps  of  the  site  and  its  development,  as  seemed  to  him  to  con- 
form best  with  the  original  intention  of  the  Minister,  and  sub- 
mitted them  with  a  report  to  the  commission,  which  adopted 
them  without  change. 
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The  site  of  the  city  is  located  on  the  Limay  just  below  the 
point  where  it  leaves  Lago  Nahud  Huapf .  An  outline  of  the 
plan  of  the  streets,  the  railroad  connections,  and  the  extent  of 
the  artificial  lakes,  Lago  Limay  and  the  Reserva  del  Nirihuau, 
is  shown  in  the  accompanying  map  of  the  proposed  development 
of  towns  and  railroads  on  Lago  Nahud  HuapL 

The  reasons  which  influenced  the  Minister  to  give  instruc- 
tions for  the  sdection  of  the  site  of  a  manufacturing  dty  were 
those  of  a  far-sighted  statesman.  He  foresaw  that  the  conjunc- 
tion of  raw  materials,  abimdant  dectro-motive  power,  and  the 
great  market  of  the  agricultural  provinces  of  Argentina  must 
sooner  or  later  give  rise  to  manufacturing  industries  in  the  Cor- 
dillera, and  he  wisdy  proposed  that  the  future  devdopment 
should  be  directed  by  plans  based  upon  appropriate  investiga- 
tions. The  facts  of  the  situation  as  they  were  then  understood 
may  be  sunmied  up  as  follows: 

Aigentine  imports  in  191 2  amounted  to  76,000,000  poimds 
sterling.  Of  this  gross  total  textiles  were  £15,500,000,  timber 
and  wood  products  nearly  £2,000,000,  paper  nearly  £2,000,000, 
and  leather  goods  £780,000.  For  the  manufactiured  goods  com- 
prised in  these  classes,  amounting  in  value  to  nearly  one- 
third  of  all  her  imports,  Argentina  produced  the  essential  raw 
materials  in  greater  or  less  quantity.  Thus  of  raw  wool  she 
shipped  in  1910  to  the  United  Eangdom  an  amount  valued  at 
£1,261,000  and  she  recdved  in  the  same  year  woolen  goods 
imported  at  £1,653,000.  She  still  continues  to  be  an  essen- 
tially pastoral  and  agricultural  country,  and  her  chid  re- 
sources will  always  lie  in  pastoral  and  agricultural  pursuits;  but 
her  absolute  dependence  on  Europe  as  regards  manufactured 
goods  will  not  continue  indefinitdy.  Her  home  market  will 
grow  with  the  increase  in  population  and  with  the  devdopment 
of  the  dass  of  small  landed  proprietors,  which  natural  economic 
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laws  are  inevitably  bringing  about  and  which  wise  patriots  are 
striving  to  promote.  That  market  is  already  being  entered  by 
home  manufacturers  using  costly  imported  coal.  Water  power 
may  be  substituted  for  coal  on  Lago  Nahuel  Huapf — no  farther 
from  Buenos  Aires  than  St.  Louis  from  New  York — ^where  the 
raw  materials  are  produced^  where  the  climate  is  favorable  and 
the  environment  an  attractive  one  for  energetic  people  of  the 
northem  industrial  nations.  It  may  be  foreseen  that  at  no 
distant  date  the  hydro-dectric  power  of  the  Limay  may  be 
utilized  in  producing  woolen  textiles  and  knit  goods  from  the 
fine  merino  wools  of  Rio  Negro  and  Neuqu6n;  other  woolen 
products  from  the  coarser  wools  of  Chubut  and  Santa  Cruz; 
leather  goods  from  the  hides  from  the  refrigerating  plants; 
furniture  and  other  wood  products,  including  chemicals,  from 
the  beech  forests,  which  are  best  adapted  to  manufacture  on  the 
spot;  and  nitrates  for  fertilizers  from  the  atmosphere. 

The  analysis  of  the  resources  of  Rio  Negro,  Neuqu6n,  and 
Chubut,  given  in  the  earlier  part  of  this  voliune,  shows  that  the 
quantity  and  quality  of  the  raw  materials  available  for  con- 
centration at  Nahuel  Huapf  are  already  quite  sufficient  to  give 
employment  to  any  works  likely  to  be  inaugurated  there.  Com- 
munications are  being  established,  the  power  awaits  exploi- 
tation, the  market  exists  within  a  high  tariff  wall,  and  the 
Government  wishes  to  encourage  manufacturing. 

Such  are  the  considerations  that  led  to  the  study  of  the 
project  for  an  industrial  dty,  which  should  be  foimded  on  the 
permanent  economic  basis  of  Argentine  resources  and  pros- 
perity. The  requirements  of  the  futture  dty,  and  the  condi- 
tions of  the  region  imposed  certain  limitations  on  the  sdection. 
They  may  be  stated  as  follows: 

(i)  The  site  must  be  on  or  easily  accessible  to  the  railroad. 

(2)  The  site  must  be  on  Lago  Nahuel  Huapf,  or  on  navigable 
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waters  connected  with  the  lake,  so  that  it  shall  be  accessible  by 
steamer. 

(3)  The  site  should  be  favorably  conditioned,  by  topographic 
character,  soil,  and  drainage,  for  the  construction  of  streets,  the 
erection  of  buildings,  and  the  maintenance  of  hygienic  con- 
ditions. 

(4)  A  good  water  supply,  at  moderate  cost,  should  be  assured 
for  the  use  of  the  inhabitants,  for  manufacturing,  and  for  dty 
purposes  for  fire  protection,  parks,  etc. 

(5)  Taking  into  accoimt  the  strong  winds  which  blow  almost 
constantly  down  the  canyon  of  Lago  Nahud  Huapf ,  a  sheltered 
position  should  be  secured. 

(6)  Considering  that  Lago  Nahuel  Huapf  and  the  surroimd- 
ing  region  are  destined  to  become  the  National  Park,  it  is  de- 
sirable to  locate  the  dty  where  the  buildings  and  activities  of  a 
manufacturing  place  may  not  intrude  upon  the  observation  of 
toiuists  or  destroy  the  beauty  of  the  scenery. 

It  was  at  once  seen  that  Bariloche  does  not  fulfill  these  con- 
ditions in  any  satisfactory  degree.  It  is  on  a  branch,  12  kilo- 
meters from  the  main  railroad  line.  The  site  is  too  small  in 
area.  It  is  on  a  lee  shore,  difficult  to  land  at  even  behind  a  pier, 
and  unsuitable  for  loading  and  unloading  boats.  It  is  exposed 
to  the  severest  winds.  Finally,  it  is  at  the  very  entrance  to  the 
National  Park. 

A  careful  study  of  the  lake  shore  revealed  similar  grave  ob- 
jections to  every  site  immediately  on  the  lake. 

On  surveying  the  valley  of  the  Limay,  it  was  foimd  that  a 
dam  located  in  the  Segunda  Angostura,  a  canyon  15  kilometers 
below  Nahuel  Huapf  and  built  to  a  height  of  35  meters  above  the 
river,  would  form  an  artificial  lake,  Lago  Limay,  which  would  be 
confluent  with  Lago  Nahuel  Huapf  at  the  conmion  level  of  770 
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meters  above  the  sea  and  would  leave  between  the  two  lakes  a 
plain^  having  an  area  of  about  1^100  hectares  (4.4  square  miles), 
which  would  meet  in  every  respect  the  requiremoits  of  the 
future  dty. 

The  transcontinental  railroad  can  readily  be  built  through 
the  upper  part  of  the  plain  and  would  there  have  a  jimction  with 
the  line  to  Neuqu£n. 

The  canal  formed  by  the  Rio  Limay  between  Lago  Nahud 
Huapi  and  Lago  Limay  would  afford  access  for  all  kinds  of  boats 
to  wharves  located  at  the  head  of  Lago  Limay  in  perfectly  quiet 
waters. 

The  plain  has  a  gentle  slope  toward  the  proposed  Lago  Limay 
and  fulfills  the  conditions  required  for  streets,  sewers,  and  f oim- 
dations. 

An  abimdant  water  supply  may  be  provided  and  maintained 
at  moderate  cost  by  damming  the  Rio  Nirihuau  at  an  appro- 
priate pointi  so  as  to  create  the  Reserva  Nirihuau  at  about  the 
level  of  the  dty,  and  establish  by  the  overflow  of  the  stream  a 
power  suffident  to  piunp  the  supply  to  a  high-service  reservoir. 

The  site  is  protected  from  winds  by  the  terminal  moraine 
which  lies  between  it  and  Lago  Nahuel  Huapi|  and  which  is  from 
60  to  70  meters  above  the  lake  levd. 

The  moraine  also  oitirdy  shuts  out  any  view  of  the  site 
from  visitors  en  route  to  the  National  Park. 

The  creation  of  Lago  Limay  wiU  produce  a  fall  in  the  river, 
which,  taking  the  average  flow  of  the  last  ten  years,  wiU  give 
theoretically  80,000  horsepower,  yidding  in  the  dty,  12  kilo- 
meters from  the  power-house,  probably  50,000  horsepower,  con- 
stantly available. 

With  the  map  of  the  site  and  its  environment  in  hand  a 
detailed  plan  of  the  dty  was  prepared,  a  skdeton  of  which, 
consisting  of  the  prindpal  streets  and  avoiues,  is  shown  in  the 


Digitized  by 


Google 


PLATE  XXXVII. 


Transportation  in  the  Pampas  of  Patagonia.     A  view  illustrating  the  ox-carts  which  are  generally  used  for  tr&nspoKms 
wool  and  other  products  of  the  country  to  the  coast  and  which  return  with  the  articles  imported. 
A  Chilean  ox-cart  with  wheels  hewn  from  logs  of  coihue,  the  Andean  beech. 
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accompanying  map.  The  natural  features  were  carefully  studied 
and  the  plan  was  adapted  to  them.  Four  distinct  sections  of 
the  dty  were  indicated: 

(i)  The  section  of  manufacturing  establishments^  located 
next  to  the  Rio  limay,  in  the  section  most  accessible  to  rail- 
road spurs  and  wharves  and  most  easily  supplied  with  water. 

(2)  The  section  of  working  moi's  dwellings,  stores,  and  busi- 
ness, extoiding  from  the  factory  section  northwest  across  the 
central  avoiue  which  runs  northeast  from  the  railroad  station 
to  the  main  plaza. 

(3)  A  residence  section  in  the  northwest. 

(4)  Railroad  yards  and  military  reserve  southwest  of  the 
railroad. 

The  design  of  streets  and  blocks  of  houses  was  drawn  up  for 
each  section  according  to  the  economic  and  hygienic  require- 
ments which  should  control  its  plan  for  the  particular  use  im- 
plied. The  water-supply,  sewer,  and  park  systems  were  outlined, 
and  in  various  details  this  preliminary  plan  was  made  as  com- 
plete as  the  available  data  allowed. 

It  was  shown  that  the  area  considered  would  accommodate 
a  peculation  of  40,000  persons,  and  that  the  adjacoit  areas  in 
the  valley  of  the  Arroyo  Chacabuco  or  about  Lago  Limay  would 
allow  an  increase  to  more  than  100,000. 

The  report  closed  with  the  following  statement:  "The  dty 
which  has  thus  been  projected  in  accordance  with  the  instructions 
of  the  Minister  of  Public  Works,  Dr.  Ramos-Me^,  is  designed 
to  become  the  prindpal  center  of  population  and  manufacturing 
in  the  Andean  Cordillera  south  of  Mendoza.  In  it,  by  the  rail- 
road from  San  Antonio  from  the  east  and  its  branches  from  the 
south,  west,  and  north,  there  will  be  concentrated  all  the  products 
of  the  Pampas  and  of  the  Cordillera.  In  this  dty  any  raw 
materials  imported  from  Chile  may  first  be  converted  into  arti- 
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des  for  Argentine  use.  The  commerce  in  products  of  wood, 
wool,  meat,  and  hides,  the  transformation  of  the  raw  materials 
into  manufactiured  articles,  and  the  accessory  industries  will 
develop  about  the  terminus  of  the  railroad.  There  capital  will 
be  invest^  and  a  prosperous  community  will  develop  on  the 
chosen  site.  The  plan  should  be  so  executed  as  to  provide  not 
only  for  the  necessities  but  also  for  the  attractions  of  the  dty 
of  Nahuel  Huapf ,  in  order  that  by  its  wealth  and  beauty  it  may 
rank  among  the  first  dties  of  the  Argentine  Republic.'' 
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REPORT  ON  SAMPLES  OF  WOOD  FROM  THE  ANDES  OF 
NORTHERN  PATAGONIA  BY  THE  FOREST  PRODUCTS 
LABORATORY,  HOWARD  F.  WEISS,  DIRECTOR,  FOREST 
SERVICE,  U.  S.  DEFT,  OF  AGRICULTURE,  1913. 

Henry  E.  Gxtsfan's  Report.    April  8, 1913 
Memorandum 

In  reference  to  the  shipment  of  Argentine  wood^,  complete  descrip- 
tion of  which  is  given  in  Miss  Gerry's  report,  ''A  preliminary 
microscopical  lamination  of  certain  Argentine  woods  in  respect  to 
their  pulp-making  qualities"  (copy  attached): 

No  cooking  or  grinding  tests  have  been  applied  to  any  of  these 
woods,  and  the  following  conclusions  are  based  on  the  appearance 
of  the  specimens  submitted  and  the  microscopical  examinations  given 
them.  It  was  not  feasible  to  carry  out  actual  pulp-making  tests, 
owing  to  the  small  amounts  furnished  for  each  of  the  spedes. 

It  is  my  understanding  that  it  may  be  proposed  to  establish  pulp 
and  paper  mills  in  Argentina  to  utilize  the  species  in  question  and,  if 
possible,  to  take  advantage  of  undeveloped  water  powers  for  this 
purpose.  To  use  water  power  to  the  best  advantage  in  pulp-making 
implies  its  use  in  the  grinding  of  wood  for  the  production  of  me- 
chanical pulp.  Such  pulp  may  be  of  either  the  white  variety  or  the 
steamed  (brown)  variety,  llie  demand  for  the  former  is  much 
greater  than  for  the  latter,  and  this  is  also  the  case  when  the  adapt- 
ability of  the  pulp  for  making  various  paper  products  is  considered. 
The  Argentine  woods  were  all  rather  highly  colored  as  compared  to 
the  spedes  now  used  for  making  white  mechanical  pulps,  and  there 
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seems  every  reason  to  believe  that  the  pulps  which  might  be  pro- 
duced from  them  would  not  be  as  white  as  is  needed  for  the  cheap 
printing  papers.  There  is  a  possibility  that  alerce,  maniii,  and 
cipr6s  might  be  suitable  for  making  brown  mechanical  pulps,  but  it 
is  probable  that  the  present  demand  in  Argentina  for  products  made 
from  such  pulps  would  be  so  slight  that  it  would  not  pay  to  estab- 
lish mills  to  produce  this  class  of  pulps  and  pulp  products,  especially 
when  they  would  have  to  compete  with  imported  products.  The 
three  woods  spedfically  mentioned  above  are  all  conifers,  and  their 
paper-making  fibers  are  longer  than  those  from  any  of  the  other 
woods  submitted.  Nevertheless,  the  fibers  are  all  very  much  shorter 
than  those  of  spruce,  with  which  it  is  customary  to  compare  new  pulp- 
woods  of  this  class.  On  this  account  alone  these  particular  woods 
do  not  seem  so  promising  as  pulp-woods  as  would  otherwise  be  the 
case. 

The  North  American  species  which  these  three  woods  most  re- 
semble are  not  well  suited  for  sulphite  pulps  as  determined  by  test, 
but  they  can  be  made  into  good  soda  and  sulphate  kraft  pulps  suit- 
able for  use  in  making  wrapping  and  other  strong  papers.  By  anal- 
ogy, alerce,  maniii,  and  dpr6s  are  probably  not  suitable  for  sulphite 
pulp  and  their  successfid  use  for  kraft  pulp  would  be  very  doubtful, 
because  of  their  comparatively  short  fibers.  For  the  production  of 
bleached  pulps  from  these  three  woods,  the  soda  process  might  be 
used  to  advantage,  but  their  high  color  and  resinous  nature  would 
probably  cause  the  cost  of  bleaching  to  be  very  high,  if  not  prohib- 
itive. 

The  other  woods  submitted  (the  varieties  of  beech)  are  all  angio- 
sperms  and,  with  the  exception  of  radal  (which  closely  resembles  in 
structure  both  oaks  and  elms),  coidd  be  used  for  the  production  of 
bleached  soda  pulp  such  as  is  used  in  book  and  magazine  papers. 
Aspen  is  the  standard  pidp-wood  for  this  kind  of  pulp,  and,  although 
it  has  very  short  fibers,  those  from  the  Argentine  angiospeims  are 
even  one-fourth  to  one-third  shorter.  While  the  production  of 
bleached  soda  pulp  from  coihu6,  nirf,  and  lenga  offers  the  most 
promising  opportimity  in  comparison  with  pulp  products  from  the 
other  Argentine  woods,  the  success  of  mills  making  such  a  product 
woidd  depend  almost  entirely  upon  economic  conditions  which  might 
favor  the  use  of  domestic  (Argentine)  bleached  soda  pulp  in  prefer- 
ence to  imported  pulp  of  the  same  kind  but  of  a  superior  quality,  at 
least  so  far  as  length  of  fiber  is  concerned. 
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From  what  we  know  now  about  the  properties  of  these  particular 
Argentine  woods,  none  of  them  seem  so  promising  as  new  piilp-woods 
as  many  North  American  woods  which  are  at  present  little  used  or 
not  used  at  all  for  this  purpose. 


United  States  Depaetment  of  Agriculture 

Forest  Service 

Forest  Products  Laboratory 

A  preliminary  microscopical  examination  of  certain 

ARGENTINE  WOODS  IN  RESPECT  TO  THEIR  PULP-MAKING  QUALITIES 


Purpose  of  the  Work 

At  the  request  of  President  Van  Hise,  of  the  University  of  Wis- 
consin, the  preliminary  examination  of  certain  woods  from  the  Argen- 
tine Cordillera  was  undertaken  in  response  to  a  letter  from  Mr.  Bailey 
Willis  asking  for  information  concerning  whether  these  woods  could 
be  profitably  used  in  making  paper-pulp.  The  work  here  reported 
was  confined  to  a  microscopical  examination  of  the  structure  of  the 
woods,  together  with  a  micro-chemical  test  of  the  wood,  sap  and  heart, 
and  of  the  bark,  when  supplied,  for  the  presence  of  tannin.  The  study 
of  structure  was  undertaken  in  order  to  make  a  comparison  of  the  cross, 
radial,  and  tangential  sections  of  the  Argentine  woods  with  those  of 
the  United  States  commercial  woods  now  used  for  pulp-making,  so 
as  to  discover  which  of  the  South  American  woods  appeared  to  be 
best  fitted  for  the  desired  object.  To  this  end  also  fiber  measure- 
ments were  made  from  the  different  woods  submitted  for  examina- 
tion. 

Description  of  Material 

The  material  submitted  was  brought  to  this  country  by  Mr.  Wei- 
lingt(m  D.  Jones.  The  specimens  were  labeled  by  the  workman  who 
boxed  them  and  the  list,  together  with  the  annotations  made  by 
Mr.  Jones,  is  as  follows: 
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Basiloche,  January  8,  1913. 
UST  OF  SPECIMENS  OF  WOODS 


Material 


Coihue: 
Large  tree.... 

Small  tree 

Cifr£s: 

Large  tree 

Small  tree 

Radal 

Niaf 

Mamiu 

Lengux  (Lenga) 
Alebcx 


Maik 


xA 

3A 

i3A 
xB 

2B 

xC 

2C 

iD 

3D 

iiE 

3E 

L3E 

iF 
.2F 


n 
m 


Fotitkm  of  spedmen  in  tne 


Sapwood  with  bark. 

Piece  between  sapwood  aiMl  heart. 

Heart. 

Sapwood  withbaiiL. 

Heart 

Sapwood  with  bark. 

Piece  between  sapwood  aiMl  heart 

Heart 

Sapwood  with  bark. 

Heart 

Sapwood  with  bark. 

Piece  between  sapwood  aiMl  heart 

Heart 

NRrf — ^large  tree. 
Nirl — small  tree. 


Mr.  Jones  further  states  that  these  woods  are  from  the  forests 
of  the  Argentine  Cordillera,  and  that  there  are  large  areas  of  forest^ 
with  abundant  water  power  close  by.  The  forest  areas  extend  from 
latitude  39^  S.  and  the  samples  come  from  latutide  41^  S.,  the  region 
aroimd  Lago  Nahud  Huapf . 

Methods 

The  detailed  results  of  the  microscopic  examination  are  given 
for  convenient  comparison  in  tabular  form.  Sections  (transverse, 
radial,  and  tangential)  were  made  of  a  selected  sample  of  each  species 
showing  the  principal  characteristics  of  the  species.  These  were 
temporarily  moimted  for  the  purpose  of  study.    Macerations  with 
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concentrated  bdling  potassium  hydroxide  were  made  to  obtain  the 
separated  fibers,  and  ten  measurements  of  individual  fibers  were  made 
and  averaged  for  each  species.  The  tests  for  the  presence  of  tannin 
in  sapwood,  heartwood,  and  bark  were  made  by  putting  sections  from 
these  respective  regions  in  a  solution  of  ferric  ammonium  sulphate. 
When  tannin  was  present  a  blue  or  blue-black  color  was  produced 
on  standing.* 

Fiber  measurements  were  made  with  a  carefully  calibrated  mi- 
crometer eyepiece. 

Information  Obtained  from  Microscopical  Studies 

GENERAL  CONSIDERATIONS 

The  woods,  with  the  exception  of  alerce,  were  not  strongly  colored, 
but  on  the  other  hand  none  of  them  were  white  like  aspen  or  spruce. 
A  dark  content  was  very  frequently  found  and  often  appeared  in 
considerable  amounts  in  the  parenchymatous  tissue. 

In  the  conifers  very  little  summer  wood  was  present.  This  gave 
a  very  uniform  i^pearance  to  the  woods  in  cross  section.  None  of 
the  conifers  or  gymnosperms  were  highly  resinous  in  character.  No 
species  containing  resin  canals  were  present;  resin  cells  were,  however, 
frequently  well  developed.  The  task  of  judging  the  suitability  of 
the  woods  for  pulp-making  was  referred  to  the  section  of  pulp  and 
paper,  which  is  familiar  through  actual  tests  with  the  pulp-making 
qualities  and  yields  of  the  woods  to  which  these  spedes  are  compared. 

^Zimmennan  (*' Botanical  Miciofitechnique")  states:  "All  those  substances  which 
give  a  blue,  black,  or  green  color  with  iron  salts  are  commonjy  designated  as  tannic 
adds  or  tannin." 
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Agricultural  conditions,  5. 

Agricultural  lands,  291;  classified,  322. 

Agricultural  resources  of  Cordillera,  331. 

Agriculture,  114;  Andean  region,  161. 

Aguada  Cecilio,  spring,  61. 

Alerce,  251,  361,  366,  430, 433. 

Alerces,  Paso,  269. 

Alerzal,  Rio,  251,  402. 

Alfalfa,  growing  of,  257. 

Alfilerillo,  94,  113. 

AlgorrobUla,  109. 

Algorrobo,  58. 

Alluvial  soils,  102. 

Alto  Chubut  dramage  basin,  251,  253. 

Alto  Chubut  valley,  agriculture  in,  254. 

amargOf  Pasto,  112. 

Amarillo,  Cerro,  61. 

Anchorena,  Tomas,  198. 

Andean  mountain  region,  20;  character  of 
population,  280,  282;  settlement,  281. 

Andes,  general  description,  149;  northern 
and  southern  sections,  topographic 
differences,  152. 

Anecon  Grande,  33,  34,  74;  grazing  condi- 
tions, 148. 

aniarctica,  Nothofagm,  360. 

aphylla,  AfontUa,  no. 

Apichig,  Paso  de,  253. 

Araucaria  imbricaUi,  361. 

Arbitration  of  boundary  by  Ring  Edward, 
150. 

Areas  of  classified  lands,  292. 

Arrayan,  361. 

Arroyo.     (See  name  of  arroyo.) 

Artesian  water  conditions,  99. 

Arvejilla,  237. 

Ascension,  Cerro,  274. 

Aspero,  Ctrro,  75. 

Atamisquea  emarginatA,  109. 

Atriplex  sp.,  no. 

Auquinco,  Rio,  172,  173. 

Azul,  Cerro,  182. 

Azul,  Rio,  240,  24s,  401;  dramage  basin, 
lands  classified,  311. 


Bahia  Blanca,  harbor  facilities,  51. 

Bajo  del  Gualicho»  29;  rainfall  conditions, 
87;  well,  97. 

Bajo  de  San  Antonio^  58;  temperatures, 
116. 

Bajo  de  Valcheta,  31,  61;  agriculture,  117; 
irrigation  projects,  122;  rainfall  con- 
ditions, 87. 

Bajo  Plato,  61. 

Bamboo,  223,  361. 

Bariloche,  202,  283,  415,  421. 

Barranca  Norte,  61. 

Bastion,  Cerro,  235. 

Becker,  Carlos,  339. 

Beech,  360. 

Berheris  buxifolia,  363. 

Bemal  Estanda,  209. 

Bigelow,  F.  H.,  study  of  dimatic  varia- 
tions, 84. 

Blanco,  Cordon,  236. 

boarioy  MayUnus,  362. 

Bock,  Christian,  339. 

Bodadahue,  Paso,  269. 

Bols6n,  240,  243,  245. 

Boundaries,  17. 

Boundary,  western,  16,  150. 

Buenos  Aires,  rainfall,  85. 

Burnt  districts,  forests  of,  223. 

buxifolia.  Berberis^  363. 

Cabeza  de  Vaca  plains,  €6, 
Cacti,  113. 

Cajon  Negro,  Paso,  46,  188. 
Calafate,  363. 

Caleufu,  Rio,   181,  337;    drainage  basin, 
lands  dassified,  298;  water  power,  391. 
Camello,  75. 

Camino  de  Vuriloche  pass,  154,  221. 
Canyons,  385. 
Canad6n  del  Corral,  75. 
Carilaufquen,  agricultural  conditions,  122. 
Carilaufquen  basin,  67;  sheep  capadty,  145. 
Carilaufquen  Chico,  lake,  69. 
Carilaufquen,  Lago,  32,  67;  history,  68. 
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Carmen,  Cerro,  200,  207. 

Carmen  de  Villcga,  Cerro,  217. 

Cascade  Range,  Washington,  357. 

Cauract  of  Fetaleufu,  271. 

Cattle,  capacity  for,  in  Cordillera,  356; 
census  of,  19;  wild,  224. 

Cattle  raising,  346. 

Census  of  live  stock,  19. 

Cerro.    (See  name  of  cerro.) 

Cerros  Colorado*,  sheep  capacity,  144. 

Cerros  Nevados,  252. 

Cevadilla,  237. 

Chacabuco^  Arroyo^  200,  340. 

Chacay,  357. 

Chachim,  Rio,  177. 

Chanar,  109. 

Chapelco,  Cerro^  176,  182. 

Chaquai,  209. 

Cheviot  breed  of  sheep,  13a 

Chioo,  Rio,  35. 

chilensis,  Libocedrus,  357,  368. 

Chiloe,  194. 

Chimehuin,  Rso^  159. 

Chimehuin  valley,  162,  336. 

China,  soil  removal,  102. 

Choele  Choel,  87. 

Cholila  basin,  156,  249,  254. 

Cholila,  Cerro,  246. 

Cholila  district,  343. 

Cholila,  Lago,  264;  drainage  basin,  lands 
classified,  316. 

Cholila,  Rio^  dramage  basin,  lands  clas- 
sified, 315. 

Cholila  valley,  260. 

Chubut,  irrigation  possibilities,  258. 

Chubut,  Rio,  251;  drainage  basin,  lands 
classified,  314. 

Chubut  valley,  344. 

Chubut  valley  railroad,  48. 

Chupa-sangre,  113. 

Chuquiraga  erinaceOf  iia 

Chusquea  cideou,  361. 

ciaOariumf  Erodium,  94,  113. 

Gppoletti,  395;  work  of,  28. 

Ciprcs,  164,  209,  218,  357,  363,  430,  43a. 

Gties,  future,  414. 

Qimate,  21. 

Qimatic  variations,  84. 

Qassification  of  lands,  288. 

Qassified  lands,  areas,  292. 

Coasul  Plain,  59. 

Cochamo,  Paso,  203,  232. 

Coihue,  164,  218,  359,  364,  430,  432. 


Coiron,  112,  363. 

Coiron  fino,  112. 

Collunco,  Estanda,  170. 

Colonia  de  16  de  Octubre,  273,  275,  345. 

Cobrado,  Cerro,  66. 

Comision  de  Estudios  Hidrologicos,  com- 
position, 290;  work  of,  285,  290. 

Comparison  of  Andean  region  and  Switzer- 
land, 286. 

Compositae,  113. 

Conioo,  Cerro,  274. 

Conservation,  9;  of  forests,  370,  375. 

Conserved  power,  381. 

Continental  Divide,  217. 

Corcovado,  Rio^  276,  277,  279;  drainage 
basin,  lands  classified,  327-330. 

Corcovado  valley,  346. 

Cordillera,  agricultural  resources,  331;  for- 
est resources,  356;  grazing  industry, 
346;  water  powers,  373. 

Cordova,  Arroyo^  191. 

Corinto,  362. 

Corintos,  Rio^  274,  276;  drainage  basin, 
lands  classified,  324. 

Corintos  valley,  345. 

Corral  Chico,  67. 

Correntoso,  Lago,  197;  drainage  basin, 
lands  classified,  300. 

crenatus,  Schinus,  357. 

CrioUo,  128. 

Cubridor,  Cerro,  25a 

Culebra,  Arroyo,  185. 

cuUtmj  ChusqueOf  361. 

Cumallo,  125. 

Cumallo,  Arroyo^  34,  74. 

Cumallo  pass,  35,  76. 

Curhue  Chioo,  Lago,  158,  160. 

Curhue,  Rio,  158,  161,  335. 

Curhue  valley,  336. 

Cuyin-Manzana,  Arroyo,  dam  site,  392. 

Cuyin  Manzano,  191. 

Dam  sites,  387. 

Del  Buque,  Cerro,  187. 

Del  Cisne,  Lago,  263,  269. 

Del  Medio,  Arroyo,  206. 

Description,  general,  15. 

Desert,  use  of  term,  18. 

dicorticanSf  Gourliea,  109. 

Dif carta  foliosa,  357. 

Distribution  of  grazing  lands,  350. 

dvooficatOy  Lofreay  109. 

dombeyi,  Nothofagus,  359,  360,  364, 
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Drainage  basins,  areas  of  classified  lands, 

292. 
Drimys  winUri,  362. 
Dromedario,  75. 
Dry  farming,  115. 
Dynamite,  use  in  agriculture,  257. 

El  Bols6n,  240,  243,  24s,  343. 

£1  Bolson  valley,  156. 

£1  Catedral,  155,  202,  218. 

£1  Gran  Rinc5n,  2CX),  340. 

£1  Hoyo  de  £puyen,  343. 

£1  Tronador,  151,  410.    (See  also  Trona- 

dor.) 
emarginaUL^  Atamisquea,  109. 
£olian  soils,  102,  107. 
£pulaufquen,  Lago,  158,  160. 
£puyen,  Lago,  246;  drainage  basin,  lands 

classified,  312;  water  power,  402. 
£puyen,  Rio,   245,  247;  drainage  basin, 

lands    classified,   312;    water    power, 

249. 
erinacea,  Chuqutraga,  no. 
Er odium  ciaUarium^  94,  113. 
£scondido,  Arroyo,  77,  125. 
£scondido,  Lago,  234. 
Escorial  valley,  160. 
£8guel,  45,  345. 
£sguel,  Arroyo,  276;  drainage  basin,  lands 

classified,  323. 
£spejo,  Lago,  197;  drainage  basin,  lands 

classified,  301. 
£speleU,  Cerro,  182. 
£stancia.    {See  name  of  estanda.) 
Estimates  of  water  power,  377,  384, 
Eugenia  patagonica,  361. 
Evaporation  conditions,  93. 
Examination  of  woods,  430. 
Exploitation,  9. 
Exploration,  early,  15. 

Fabiana  imbricatay  362. 

Falkner,  Cerro,  187. 

Falkner,  Lago,  182,  187;  drainage  basin, 
lands  classified,  299. 

Farallones,  Cerro,  190. 

Ferrocarril  Sud,  48. 

Fetalaufquen,  Lago,  269,  270. 

Fetaleufu  lake  region,  266. 

Fetaleufu,  Rio,  156,  260,  265,  268;  drain- 
age basin,  lands  classified,  317,  319- 
322;  water  power,  404. 


Fetaleufu,  Rio,  upper,  drainage  basin, 
lands  classified,  316. 

Filohuahuen,  Rio,  181,  187. 

Fire  protection,  372. 

Fitxroya  patagonica^  361,  366. 

Floods,  84. 

Fofocahuel,  255. 

Fofocahuel  district,  345. 

foliosa,  Discaria,  357. 

Fonck,  Francisco,  220. 

Fonck,  Lago,  225. 

Forest  administration,  problems,  371. 

Forest  lands,  291. 

Forest  preservation,  227. 

Forest  reserve,  area  suitable  for,  272. 

Forest  resources,  Cordillera,  356. 

Forest  service,  10. 

Forests,  9;  condition  as  to  timber,  369; 
conservation  of,  370,  375;  in  Andean 
region,  164;  character,  357;  in  Cor- 
dillera, 347;  disappearance  of,  358. 

Fossil  tree  trunks,  62. 

Foyel,  Cerro,  235. 

Foyel,  Rio,  234,  251,  401;  drainage  basin, 
lands  classified,  309. 

Fragua,  Arroyo,  200. 

Freight,  character  of,  41. 

Frey,  Emilio  £.,  220,  266. 

Frio,  Rio,  278. 

Frio,  Valle,  276,  279;  dramage  basin,  lands 
classified,  328. 

Frosts,  limiution  of  agriculture,  333. 

Fruit  culture,  117. 

Ganaderia  mayor,  346. 

Ganaderia  menor,  346. 

General  Paz,  Lago,  277. 

Gibson,  H.,  on-  sheep-breeding  industry, 

128. 
Glacial  gravels,  78. 
Glacial  moraines,  387. 
Gladation,  226;  Lago  Mascardi  regbn,  221. 
Gladers,  23,  271;  effects  on  topography, 

387;  former,  197,  199,  207. 
Gourliea  dicoriicans,  109. 
Grande,  Valle,  234,  253. 
Grass  lands,  275. 
Grasses,  native,  112. 
Gravd  plains,  104;  soils  of,  105. 
Gravd,  shores  of  Lago  Nahud  Huapi,  199. 
Grazing,  19,  126;  in  Andean  region,  163; 

Nirihuau  basin,  210;  of  sheep,  141-148; 

present  condition  of  industry,  127, 353. 
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Grazing  capadty,  estimates,  35*-35^« 
Grazing  industry,  13,  115;  in  Cordillera, 

346;  present  conditions,  353. 
Grazing  lands,  distribution,  350. 
Grazing  region,  7. 
Grazing  seasons  in  Cordillera,  347. 
Grazing  value  of  plants,  109. 
Greda,  Cerro,  274. 
Guaguel  Niyeu,  34;  irrigatbn  possibilities, 

134. 
Guaguel  Ni3reu,  Arroyo,  32,  72. 
Guanaoo,  35. 

Guenchupan,  Arroyo^  234. 
Guillelmo,  Padre,  194. 
Guillelmo  basin,  219. 
Gurfan,  Henry  E.,  report  by,  427. 
Gutierrez,  Arn>3ro,  416. 
Gutierrez,  Lago^  155,  217. 

Hanging  valleyv,  385. 
Hauman-Merck,  L.,  work  of,  114. 
Hermoeo,  Lago,  185,  390;  drainage  basin, 

lands  classified,  297. 
Hermoto^  Valle,  185. 
Hess,  Ugo,  223,  397,  398. 
Hielo,  Rio,  277,  278;  drainage  basin,  lands 

dassified,  327;  water  power,  407. 
History  of  PaUgonia,  280. 
Hoare,  John,  data  on  sheep,  133. 
Hoyo  de  Epuyen,  245,  247. 
Hoyo  de  Epuyen  valley,  156. 
Huahum,  Rio,  176,  177. 
Huanuluan  EsUnda,  73. 
Hube,  Jorge,  343. 
Huechulaufquen,  Lago,  157;  altitude,  158; 

arability  of  surrounding  country,  163; 

as  summer  resort,  171;  drainage  basin, 

lands  dassified,  292;  rate  of  discharge, 

166;  regulation  of,  168. 
Huemul,  Rio,  278;  drainage  basin,  lands 

dassified,  329. 
Huincul  Mapu,  33,  73. 
Hunchback  River,  277. 

Iguazu,  falls,  374. 

imbricata,  Araucaria^  361. 

imbricata,  Fabiana^  362. 

Imperial,  Cerro,  161. 

Imports  of  Argentina,  value,  419. 

Indian  tribes,  280. 

Industries,  assured  and  possible,  7,  8. 

Inferior,  Lago,  402. 

Ipela  Range,  150. 


Irrigation,  115,  385;  temporary,  258. 

Irrigation  districts,  6. 

Irrigation  possibilities,  120;  of  Rio    Negro^ 

28. 
Irrigation  problem,  11. 
Irrigation  projects,  395. 
Isla  Victoria,  198. 
Isotherms,  21. 

Jarilla,  58,  109. 

Jones,  Juan,  estanda,  340. 

Jones,  W.  D.,  woods  submitted  by,  430; 

work  of,  290. 
jvliflora,  Prosopis,  109. 
junceOy  Lippfo,  362. 
Junin  de  los  Andes,  158,  162,  164. 

Ring  Edward,  arbitration  of  boundary  by, 

150. 
Kruger,  Lago,  270. 

Lacar,  Lago,  50,  152,  175,  179;  altitude, 

158;  drainage  basin,  lands  dassified, 

295. 
Lago.    {See  name  of  lake.) 
Laguna  del  Curico,  64. 
Lakes,  conserving  water,  386;  of  Andean 

region,  192;  situation,  152. 
Lana,  Arroyo,  206. 
Land  division,  basis  for,  139. 
Land  in  Rio  Negro,  sale  of,  138. 
Lands,   dassification  of,   288;   prindples, 

288-290. 
Lanin,  volcano,  161,  171. 
Larrea  divaricaUi,  109. 
La  Travesia,  artesian  well,  60. 
Las  Bayas,  Arroyo,  35,  126. 
Las  Nutrias,  Arro3ro,  262. 
Las  Piramides,  Cordon,  269. 
Las  Tobas,  Cerro,  278. 
Las  Torredllas,  269. 
Las  Tres  Marias,  75. 
Laura,  362. 

Lava  plateaus,  soils  of,  105. 
Lecascar,  Lago,  261. 
Leda,  223. 
Legua,  277. 
Leleque,  Arroyo,  254. 
Leleque,  Cordon,  254. 
Leleque,  EsUnda,  248,  254. 
Leleque  valley,  soil  conditions,  256. 
Lenga,  164,  165,  218,  223,  360,  365,  430, 

433. 
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Lihocedfus  chiUnsis,  357,  368. 

Limay  canyon,  dam  site,  200. 

Limay,  Lago,  205,  396,  421. 

Limay,  Rio,  27,  28,  340;  water  power  pioj- 
ecta,  396. 

Lincoln  breed  of  sheep,  129. 

Lippea  juncea^  362. 

Lippia  trifiddy  no. 

Live  stock  census,  19. 

Llao  Llao,  203. 

Lolog,  Lago,  171,  336;  altitude,  158;  drain- 
age basin,  lands  classified,  294;  flow, 
389. 

Loma  Grasa,  278. 

LonuOia  obliqua,  359. 

Loncahuaca,  Arroyo,  279. 

Lopez,  Cerro,  204. 

Lopez-Manan,  Julio,  409. 

Los  Alerces,  Rio,  269. 

Lumbering  industry  in  Cordillera,  363. 

Machonico,  Lago,  185,  390. 

Maiten,  248,  253,  362. 

Mallin  soil,  106. 

Mallins,  71,  106,  214. 

Malo,  Cerro,  176. 

Mamuelchoique,  74. 

Mamuil-Malal,  Sierra  de,  159. 

Manso,  Rio,  155,  218,  223,  225;  amount  of 
water,  229;  dramage  basin,  Lago  Hess 
section,  lands  classified,  305;  Lagos 
Martin  and  Steffen  section,  lands  clas- 
sified, 306;  water  power,  228;  water 
power  project,  397. 

Nfanso,  Rio,  lower,  232;  drainage  basin, 
lands  classified,  307. 

Manso,  Rio,  upper,  drainage  basin,  lands 
classified,  304. 

Manso  valley,  218,  221. 

Manufacturing  possibilities,  419. 

Maniu,  361,  430,  433. 

Maquinchao,  89;  irrigation  possibilities, 
123. 

Maquinchao,  Arroyo,  32,  69,  70. 

Maquinchao  Esuncia,  145;  grazing  con- 
ditions, 145. 

Marilaufquen,  42. 

Martin,  Lago,  231. 

Mascardi,  Lago,  155,  218,  398. 

Mau  cebo,  58,  no. 

Mau  negra,  58,  109. 

Mate  yerba,  9. 

Maytenus  hoarioy  362. 


Medio,  Arroyo  del,  213, 241. 

Meliquina,    Lago,    184;    drainage    basin, 

lands  classified,  295. 
Meliquina,  Rio,  182,  184;  power  project, 

390. 
Menendez,  266;  route  of,  22a 
Menendez,    Lago,    268;    drainage    basin, 

lands  classified,  317. 
Merino  breed  of  sheep,  7,  129. 
Merino  wools,  131. 
MeseU  Alu,  184. 
Mestizo,  129. 
Meteorological  Bureau,  work  in  PaUgonia, 

81. 
Microscopical  studies  of  woods,  431. 
Migration  of  flocks,  139,  142. 
Mocho,  Cerro,  190. 
Mogote  Nevado,  252. 
MoUe,  209,  357. 
MontUa  aphylla,  1 10. 
Moraines,  153,  387. 
Moreno,  Francisco,  193,  195, 196,  203,  280, 

283. 
Moreno,  Lago,  204. 
Mulinum  trifurcaium,  79, 112,  204. 
Musters,  36. 
Mutton,  131. 

Nahuel  Huapi  basin,  description,  192,  196; 
lands  classified,  302. 

Nahuel  Huapi,  city,  site,  205,  341. 

Nahuel  Huapi,  Lago,  36,  192,  409;  agri- 
cultural lands,  339;  history,  192,  193; 
industrial  city  at  mouth  of,  418,  420; 
water  power  development,  393. 

Nahuel  Huapi  mission,  194. 

Nahuel  Huapi  pampa,  213. 

Nahuel  Niyeu,  Arroyo,  65,  120. 

Nahuel  Pan,  Cerro,  275. 

National  Park,  196,  283;  agricultural  lands, 
338;  boundaries,  411. 

National  Park  of  the  North,  413. 

National  Park  of  the  South,  409. 

Natural  resources  of  Andean  region,  284. 

Navarro,  Paso,  267,  269. 

Negretti,  129. 

Negro^  Cerro,  75. 

Negro,  Rio^  27;  character  c^  lands,  140; 
utilizatbn  of  waters  of,  28. 

Neneo,  79, 112,  204. 

Neuqu^n,  28. 

Nevados,  Cerros,  252. 

Newberry,  George,  338. 
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Niagara  Falls,  energy,  377. 

Niri,  209,  23r,  360,  430,  433. 

Nirico,  213,  415. 

Nirio6  drainage  basin,  206. 

Nirioo,  Rio,  206,  207. 

Nirihuau,  214. 

Nirihuau     basin,    sheep    capadty,    211; 

utilization  of  lands,  208. 
Nirihuau,  Rio,  205,  206;  drainage  basin, 

206. 
Nonthue,  Lago,  176. 
Norte,  Peninsula,  339. 
Nothojfagus  antarctica,  360. 
Nothofagus  dombeyi,  359,  360,  364. 
Nothqfagus  obliquOf  361. 
Nothofagus  pumilio,  360,  365. 
nubigenoy  Podocarpus,  361. 
Nudeal  region,  6. 
Nuevo,  Valle,  240,  244. 

obliqua,  Lomatiay  359. 
oUiquOy  Nothofagus^  361. 
Ottoshohe,  202. 
Ownership,  16. 

Paimun,  Lago,  i6o. 

Palopichi,  362. 

Pampa,  definition,  18. 

Pampa  Grande,  278. 

Pampa  of  Nahuel  Huapi,  213. 

Pampas,  27;  bushy,  113;  grassy,  113;  veg- 

eution,  108. 
Paper,  pulp  for,  427,  429. 
Parque  Nadonal,  342.    {See  also  National 

Park.) 
Paso.    (See  name  of  pass.) 
Pasto  amaigo,  112. 
Pastoduro,  112. 
Pasture  lands,  291. 

Pastures,  sununer  and  winter,  I4I'I43. 
patagonicOy  Eugenia,  361. 
patagonicoy  FUxroya,  361,  366. 
Patagonia,  history,  280;  ownership,  16. 
Pellin,  361. 

Pemberton,  J.  R.,  work  of,  290. 
Percey,  Rio,   276;  drainage  basin,  lands 

dassified,  323. 
Perez  Rosales  pass,  154. 
Pidii,  362. 
Pidiileufu,  97. 
Pidiileufu,  Rio,  34,  78. 
Pico  Alto,  Cerro,  250. 
Kco  Bajo,  Cerro,  267. 


Piedra  de  Trompul,  177, 

Pilcaniyeu,  77,  78. 

Pilcaniyeu,  Arroyo^  34;  agricultural  poe- 
sibilities,  125. 

Pilcaniyeu,  Estanda,  77;  grazing  condi- 
tions, 147. 

Pilpil,  Paso  de,  176,  186. 

Piltriquitron,  Cerro,  246. 

Pinus  ponderosa,  357. 

Pirque,  Cerro,  246. 

Plants,  of  Andean  forests,  357;  study 
necessary  for  pasturage,  io8. 

Plataforma,  Cerro,  250. 

Plateaus,  18. 

Podocarpus  nubigena,  361. 

Polida  Fronteriza,  282. 

ponderosa,  Pinus,  357. 

Population  of  Andean  region,  character, 
280,  282. 

Power  projects,  390. 

Power  sites,  387. 

Predpiution,  4,  22;  uble,  83. 

Primary  power,  381, 

Primera  Angostura,  395. 

Prosopis  juliflora,  109. 

Protection  from  fire,  372. 

Puelo»  Lago,  156,  247,  250,  402;  drainage 
basin,  lands  dassified,  313. 

Pudo,  Rio,  156. 

Puerto  Anchorena,  198. 

Puerto  Madryn  wdl,  97. 

Puerto  Manzano,  198. 

Puerto  Moreno,  203. 

Puerto  San  Antonio,  53. 

Puget  Sound  region,  376. 

Pulp  for  paper,  427,  429. 

pumilio,  Nothofagus,  360,  365. 

Quebracho,  9. 
Quemquemtreu,  240,  245. 
Quemquemtreu,   Arroyo,   drainage   basin, 

lands  dassified,  298. 
Quemquemtreu,  Rio,  401;  drainage  basin, 

lands  dassified,  310. 
Queni,  Cerro,  176. 
Queni,  Lago,  power  project,  390. 
Quetriquile,    Arroyo,    grazing    conditiont, 

146;  reservoir  possibilities,  124. 
Quetriquile  valley,  72. 
Quieto,  Rio,  225. 
Quilquihue,  dam  site,  388. 
Quilquihue,  Rio,  158,  172;  drainage  basin, 

lands  dassified,  297. 
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Quilquihue  valley,  336. 
Quinalahue,  Ceiro,  177. 
Quinalahue,  Valle  de,  176. 

Radal,  359,  428,  430,  432. 

Railroad,  branches  proposed,  40-47;  G>r- 
dilleran  branches,  45;  junction  points, 
42;  progress  of  construction,  37-39; 
trunk  line  and  branches,  40. 

Railroad  distances  from  San  Antonio,  49. 

Railroads,  25. 

Rainfall,  4,  22;  absorption  into  ground,  90; 
of  Andean  region,  378;  Buenos  Aires, 
85;  San  Antonio,  86;  variations,  84. 

Rainfall  and  evaporation  at  San  Antonio, 

91. 

Ramfall  and  run-off,  89. 

Rainfall  and  temperature  relation,  23. 

Rambouillet,  129. 

Ramon  de  Guerrera,  survey,  37. 

Reclamation  work  in  the  United  States,  12. 

Regularization  of  river  flow,  375. 

RepoUos,  Arroyo  de  los,  240. 

Reservoir  site,  Nahuel  Niyeu,  121. 

Residual  soils,  105. 

Resources  of  Andean  region,  280. 

Retamo,  362. 

Rincon  de  Aceite,  278. 

Rio.     (See  name  of  river.) 

Rio  Negro  Territory,  30;  character  of  lands, 
140;  desert  conditions  in,  95;  explora- 
tion, 15;  Pampa  region,  water  re- 
sources, 80;  rainfall  conditions,  86; 
soils,  loi ;  derivation,  102;  streams  of, 
95-97;  western,  76. 

Rivadavia,  Cerro,  267. 

Rivadavia,  Lago,  267. 

Roads,  Andean  region,  169. 

Roble,  361. 

Roca,  36. 

Romney  Marsh  breed  of  sheep,  130. 

Salt,  accumulation  of,  loi. 

Salt  water,  occurrence,  100. 

Sampa,  no. 

San  Antonio,  36,  53;  distances  by  water 
.  from,  51;  farming  conditions,  116; 
harbor  facilities,  51,  53;  location  prob- 
lem, 55;  railroad  distances  from,  49; 
rainfall,  86,  116;  rainfall  and  evapora- 
tion, 91;  water  conditions,  119. 

San  Antonio  and  Lago  Nahuel  Huap!  Rail- 
way, 36. 


San  Antonio  Oeste,  57. 

San  Antonb  system  and  competing  points, 

47-53' 

San  Carlos,  283,  415. 

San  Martin  de  los  Andes,  47, 178, 181,  389; 
predpiution  at,  166;  roads  entering, 
180. 

San  Matias,  gulf,  53. 

San  Pedro,  203. 

San  Ramon,  Estanda,  79,  209. 

San  Ramon  hills,  207,  215;  grazing,  216. 

Santa  Cruz,  under  ground  water  condi- 
tions, 99. 

Santa  Elena,  Cerro^  231,  235. 

Scab,  133,  135. 

Schinus  cretuUus^  357. 

Secondary  power,  381. 

Segunda  Angostura,  387. 

Serranias,  348. 

Semicho,  Cordon,  236. 

Settlements,  Andean  region,  169;  location^ 

17.^ 

Severini,  Decio,  395. 

Sheep,  breeds  of,  129;  census  of,  19;  dis- 
tribution and  breeds,  131, 134;  Merino 
breed,  7. 

Sheep  capadty  of  land,  estimation  of,  137; 
Nirihuau  basin,  211. 

Sheep  raising,  346. 

Sheep  stock  in  Argentina,  129. 

Shrubs,  density  of,  in. 

Sierra  Colorado,  Estanda,  67, 144. 

Sierra  de  Ipela,  176. 

Sierra  de  la  Ventana,  155. 

Situad6n,  Cordon,  270,  275. 

Situadon,  Lago,  406. 

Soil  parddes,  sorting  of,  102,  103. 

Soil  removal,  China,  I02. 

Soib,  loi;  Andean  region,  character,  162. 

Solo,  Cerro,  269. 

Somuncura,  32,  89. 

Southern  Land   Company  of  Argentina, 

^77- 
Spring,  Aguada  Cedlio,  61. 
Squatter  occupation,  evils  of,  264. 
Sunge,  Lago,  270. 
Steffen,  Lago,  225,  231,  398. 
Stock-raising,  115. 
Stream  measurements,  374. 
Summer    resort,    Lago    Huechulaufquen, 

171. 
Switzerland,  comparison  of  Andean  regioQ 

to,  286. 
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Tables  of  classified  lands,  292. 

Tecka,  Rio,  drainage  basin,  lands  clas- 
sified, 326. 

Temperature,  conditions,  3;  vaiiationSy  21. 

Terraplen,  Laguna,  276. 

Tigre,  Rio,  264;  drainage  basin,  lands  clas- 
sified, 316. 

Timber,  367. 

Tomillo,  no. 

Topographic  character,  17. 

Tosca,  100. 

Totoral,  Lago,  394. 

Traful,  Lago,  190;  drainage  basin,  lands 
classified,  301;  water  power,  391. 

Traful,  Rio,  agricultural  lands,  338;  drain- 
age basin,  190;  lands  classified^  300; 
water  power,  392. 

Transandino  de  San  Martin,  179. 

Tree  trunks,  fossil,  62. 

Trees  of  Cordillera,  356. 

Trepado,  Cerro,  269. 

Tres  Picos,  Cerro,  156,  250. 

trifidOf  Lippioy  1 10. 

trifvrcatum,  Mulinum^  79,  112,  204. 

Trineta,  Arroyo,  120,  121. 

Trompul,  Valle  del,  176. 

Tronador,  Mount,  219.  {Su  also  El 
Tronador.) 

Turbio,  Rio,  250,  264,  402;  drainage  basin, 
lands  classified,  313. 

Underground  water  conditions,  98. 

Underwood,  Martin,  276. 

Una  de  gato,  no. 

Utilization  of  waters,  Andean  region,  166. 

Valcheta,  37,  62. 

Valcheta,  Arroyo,  62,  96;  measurement  of 
water  of,  64;  survey  of,  117. 

Valcheta  valley,  flooded  areas,  118;  reser- 
voir proposed,  1 19. 

Valdivia,  153. 


Vega  de  Lolog,  172. 

Vega  de  Maipu,  178,  180,  337. 

Vegetation,  108;  influence  on  rainfall,  88. 

Ventisquero,  Cerro^  234,  235. 

Vermont  breed  of  sheep,  129. 

Vidal  Gormaz,  Lago,  223,  397. 

Viedma,  fruit  culture,  117. 

Villagran,  Francisco  de,  153. 

VHlarica,  Paso  de,  153. 

Villarino,  Lago,   182,   187,  188;  drainage 

basin,  lands  classified,  299. 
Villegas,  Rio,  233,  399;  drainage  basin, 

lands  classified,  308;  water  power,  238; 

water  power  project,  400. 
Virgin  forests,  367, 
Volcanic  activity,  recent,  161. 
Vuriloche,  lost  road  of,  194. 
Vuriloche  pass,  154. 

Wasteful  methods  of  grazing,  20. 

Water  power,  8;  estimates,  377,  384. 

Water  powers  of  Cordillera,  373;  summary- 
table,  407. 

Water  resources,  13;  Rio  Negro,  80. 

Waters  of  Andean  region,  utilization,  166. 

Weather  sutions,  81. 

Wells  driven  for  water,  97. 

Wild  cattle,  224. 

Willis,  Bailey,  290. 

Windmill,  use  in  irrigation,  358. 

Winds,  24. 

winteriy  Drimys,  362. 

Wood  from  Andes,  report  on,  427,  429. 

Wool,  of  Argentina,  character,  134;  expor- 
tation of,  136;  production  and  export, 
131. 

Wool  exhibits,  prizes  for,  132. 

Yaminua,  Arroyo,  65, 121. 
Yofalhuc,  Rio,  i6a 

Zampa,  no. 
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